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ABSTRACT
2,2’-Di(l-hydroxy-l-methylethyl)biphenyl has been prepared 
in poor yield from 2,2’-dilithiobiphenyl and acetone. Attempts 
to resolve it or to activate it optically have failed.
The use of the Wittig olefin synthesis in the biphenyl series 
has been studied. 2,2’-Bis(triphenylphosphoniomethyl)biphenyl
dibromide has been prepared in a pure state and converted into 
the corresponding phosphorane by the action of n-butyllithium.
The phosphorane, although not isolated, reacts readily with 
aldehydes but has failed to react with the ketones acetone and 
cyclohexanone, indicating that it is rather stable. With 
benzaldehyde, the phosphorane condenses to give 2,2’-distyrylbi- 
phenyl wich, on hydrogenation for different periods of time, 
gives 2,2’-diphenethylbiphenyl and 2,2’-bis( ^ -cyclohexylethyl) 
biphenyl. The geometrical structure of 2,2’-distyrylbiphenyl 
was discussed.
As an alternative approach carbomethoxymethylenetriphenyl- 
phosphorane has been treated with carbonyl compounds in the 
biphenyl series. It fails to react with ketones under ordinary 
conditions (confirming the recently published findings of 
Trippett and Walker) but reacts readily with aldehydes. From 
its condensation with biphenyl-2,2’-dialdehyde, prepared by an 
improved route from phenanthraquinone, two isomeric 2,2’-bis 
( ^ -carbomethoxyvinylene)biphenyls have been obtained, and 
their stereochemistry is discussed.
Attempts to synthesise 2,2’-bridged biphenyls with 8- or 
9-membered bridging rings by the reaction of biphenyl-2,2‘-dialde­
hyde with Nittig reagents from ethylenebis(triphenylphosphonium) 
dibromide and trimethylene-1,3-bis(triphenylphosphonium) dibromide 
have been unsuccessful. Heterocyclic bridged compounds have 
been obtained from the condensation of the dialdehyde with 
o-phenylenediamine but the exact structure of the products is 
still uncertain. From the condensation of ethyl 3>^-biamino- 
benzoate with the dialdehyde, 3"-carbethoxy-^,lO-dihydro-2,3:6,7:
8,9-tribenzo-l,h-diazecine has been obtained. If this condensa­
tion is carried out at room temperature, and not at 1^0°, 3"- 
carbethoxy-phenanthrene-9’,10’:2,3-qriinoxaline is obtained as 
a by-product.
It has not so far proved possible to demonstrate optical 
activity in either 2,2’-bis(triphenylphosphoniomethyl)biphenyl 
dibromide or in its 6-nitro derivative, although steric hindrance 
to rotation round the 1,1’-bond in the latter compound must be 
considerable.
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6INTRODUCTION
I 2.2^-Disubstitutea bi-phenyls and related compounds 
The biphenyl molecule (l) is collinear and the two 
benzène rings can rotate about the 1,1’-bond, through a 
flat coplanar state, with only a small energy barrier, 
e.g. Hewlett (J., 1960, 1055) calculated this activation 
energy for inversion to be 5.9k cal. mole
(1)
In the crystalline state the molecule is shown by 
x-ray crystal analysis: (Dhar, Indian J.. Phys. , 1932, 7,
43) to be coplanar, with the 1,1'-bond length of 1.48A^. 
Trotter (Acta Cr.yst. . 1961, M, 1135), and Hargreaves and 
Rizvi (Acta Gryst.. 1962, 365) have recently confirmed
the above coplanar structure of biphenyl in the crystalline 
state. The hydrogen atoms were shown to be in the plane of 
the carbon atoms, but there were small in-plane displacements 
of the ortho hydrogen atoms: from idealised positions, which 
reduced steric strain. However, their length of central 
(Ç-G bond was 1.507A°.
In the gaseous phase the biphenyl molecule deviates 
from coplanarity of the two rings by about 45^ (- 10^), 
as determined by the electron diffraction method (Bastiansen, 
Acta Chem. 8cand., 1949, 3, 408).
7In solution the interplanar angle between the two 
rings will presumably have an intermediate value between 
0 and 45^ (Braude, Ann. Reports, 1945^^^05)., One method 
of determining the molecular structure of a compound in 
solution is to determine its ultraviolet absorption 
spectrum. Empirical correlation between ultraviolet light 
absorption and molecular structure depends on the fact 
that ultraviolet light absorption is characteristic of 
certain groups or chromophores rather than that of 
molecule as a whole.. When two or more chromophores are 
present in the same molecule, their absorption is usually 
additive as long as they are separated by two or more 
single bonds. Two chromophores in conjugation, i.e. 
separated by only one single bond, give rise to a new 
type of absorption with increased \ max (wavelength of 
the maximir^  and 6 max (extinction coefficient of the 
maximum). This "conjugation band" is normally observed 
in the region 230 and 260 m u^ . The ultraviolet absorption 
spectrum of biphenyl is quite different from that of 
benzene which has a band of low intensity between 230 
and 270 myu with some fine structure, and a more intense 
band at 210 m^u . Biphenyl exhibits an intense band at 
246 myA , ^ max 20,000 in n-hexane (G-illam & Hey, J#,
1939, 1170), indicating pronounced conjugation between 
the two phenyl groups and that the internuclear bond has
8some of the properties of a double bond. However, two 
chromophores can still produce a strong conjugation band 
when the angle between their planes is greater than zero. 
(Suzuki, Bull. Chem. Soc. Japan, 1954, 27, 597).
The introduction of ortho-substituents into the 
biphenyl molecule in the 2,2^-positions makes it more 
difficult for the two aromatic rings: to rotate about the 
1,1*-bond. This is illustrated in the ultraviolet 
absorption spectrum by the shift to a shorter wavelength 
and reduction in intensity of the conjugation band. In 
addition, fine structure may appear at longer wavelengths. 
If the substitutenta are large enough in size so that the 
two rings are prevented from becoming coplanar, the 
compound will exist in two stereo-isomeric forma, one 
being the mirror image of the other. Such compounds, 
can be resolved into their optically active enantiomers, 
provided that a) each benzene ring is: unsymmetrically 
substituted, b) a resolving group is present, and c) the 
restriction in rotation is large enough for the 
enantiomers to be comparatively stable optically under the 
experimental conditions. As one isomer will be converted 
into the other isomer simply by passing through the 
coplanar configuration, the optical stability of any such 
compound will depend on the ease with which the molecule 
can attain coplanarity.
9A few 2,2*-disu'bstituted 'biphenyls, without substituents', 
in other positions, have 'been obtained optically active ; 
some of them are sufficiently optically stable to be 
resolvable [(2)-(4)^, some are optically labile and undergo
(3)
HOC
H O C CKe OHHOC CO HH O C
(5) (6)
(2) Lesslie and Mayer, J.., 1962, 1401.
(3) Lesslie and Turner, J., 1932, 2394.
(4) Gorbellini and Pizzl, Atti. accad.Lincei, 1932, ^5, 287.
(5) Lesslie and Mayer, J., 1961, 611.
(6) Gorbellini and Angeletti, Atti. accad. Lincei, 1932,
15, 968.
Jamison and Turner, J. 1942, 437.
(7) Lesslie, Turner and Winton, Je, 1941, 257.
asymmetric transformation [(5)-(7)]; all, with the exception 
of (3), have the substituents in the form of AK^.
2,2*-Di-t-butylbiphenyl (2) was obtained in both (+)- 
and (-)-forms from the optically active 6,6*-di-t-butyl- 
biphenyl-3,3*-dioarboxylic acid (8) [Lesslie and Mayer, J.,
10
1962, 1401] through the Schmidt reaction. This acid had
HOC. C.O.H
r-
been resolved through the brucine salt and both (2) and 
(8) are optically stable. Scale models, based on atomic 
radii show that in the di-jb-butyl acids the two benzene 
rings cannot become coplanar since, owing to their volume, 
the two tertiary butyl groups cannot pass the hydrogens 
in the 2,2*-positions. Interconversion of the (+)- and 
(-)- forms is therefore inhibited.
Biphenyl-2,2 * - disulphonic acid (3) was* resolved 
through its monobrucine salt by successive addition of
0.25 mole of strychnine hydrochloride to the sodium salt.
The aqueous solution of its ammonium salt racemises 
rapidly at 100^. 2-(Diphenyl-hydroxymethyl)-2*-biphenyl-
carboxylic acid (4), resolved by fractional crystallisation 
of the brucine salt, racemises gradually at room temperature.
2*-t-Butylbiphenyl-2-carboxylic acid (5) undergoes 
second-order asymmetric transformation with strychnine 
and brucine from methanol and ethanol. Its half life 
period of racémisation in ethanol was determined at 57^
(35 min.), 67^ (14.1 min.), and 79° (5.6 min.); by 
plotting log^Q k against ^  and extrapolating, the 
half life period of racémisation at 25° was found to be 14.1 
hours.
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2- (Dimethylhydroxyiriethyl )-2 * -biphenylcarboxylic acid 
(6) undergoes; second-order asymmetric transformation with 
brucine from ethanol and chloroform, and also first-order 
asymmetric transformation in chloroform. Its half life 
period of racémisation at 25.15° was; 12.4 hrs. This 
compound (6) reverted to the racemic form more readily 
than (4), showing the reduced spatial interference of 
the methyl group compared to the phenyl group. Diphenic 
acid (7) is optically highly unstable and mutarotatea 
rapidly v/ith nor-( + )-ephedrine at -30° in. chloroform.
It will be noted that these compounds have been 
dealt with in the order of decreasing optical stability. 
Compounds (2), (5) and (6) are of particular interest 
in connection with the present work. It was shown that, 
at 25°, compounds (5) and (6) had similar order of 
optical stability. They have one carboxyl group in 
common#. As; the compound with t-butyl group in both 2,2*- 
positions (2) is; very stable optically, it was. thought 
that one with both dimethylhydroxymethyl group in the 
2,2*-posltions (9) should be comparatively optically 
stable too. It was then proposed to resolve or activate
(9)
HO MtC, C. Me OH
Z.
optically the compound (9).
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H
0
Ortho- su~b sti tuent s in the ô-posit ion, as well as. 
those in the 2,8’-positions, help to increase the optical 
stability of the molecule. For example, 6-nitrodiphenic 
acid (10) can he readily resolved through the normal
NO.,
CH.
t j R , /
(10) (11) (12)
quinine or ..morphine salt (Bell and Robinson, J.., 1987, 
1695, 8234) and the solution of acid left at room 
temperature had practically the same rotation after 6 
months. Brooks, Harris,, and Howlett (J. , 1957, 1934) 
redetermined racémisation rates: of this acid, together 
with those for two other 6-nitrodiphenic acids, and from 
their data at 57°, 67.55°, 80.6° and 87.6° the half life 
period of racémisation at 25° was, obtained (by extra- 
polation) as. approx. 164 hrs. This-, showed that the acid
(lO) is fairly stable optically. VÛien compared with 
diphenic acid (7) it is clear that the presence of the 
nitro group in position 6 is: essential to prevent the 
interchange of enantiomorphs. For the present work, in 
connection with the Wittig reaction, 8,8’-bis(triphenyl­
phosphoniomethyl )biphenyl dibromide (ll) has been
13
prepared. The 2,8’-substituents here are also of the
type AKg, but the fact that two of the X ’s. are hydrogen 
at ora s (compared with the more bulky methyl group or 
oxygen atom) and the G-P bond length is 1.87A^ (against 
G-G bond length of 1.54A^ or G-N bond length of 1«47A^) 
make it less likely that any optical activity will be 
detectable, in compound (11). However, the presence of 
a hltro group in the 6-position would render the compound 
potentially optically active. It was then proposed to 
prepare 8,8’-bis(triphenylphosphoniomethyl)-6-nitro- 
biphenyl dibromide (18) and examine it for optical 
activity.
Restricted rotation about the 1,1’-bond can also be 
brought about by joining the 8,8’-positions with a 
bridge consisting of two or more atoms.
In the case of the compound containing a 8,8’-bridge 
of one carbon atom, i.e# fluorene (13), there can be no 
possibility of optical isomerism as the molecule is 
planar and strained, and the rings are no longer coaxial 
(Brown and Bortner, Acta Gryst.. 1954, 7, 139; Burns and 
lball, Rature $ 1954, 173, 635). This is alsc true for 
compounds in which the bridging chain is composed of two 
atoms, and without ortho substituents. For example, 
benso [3,4-c] cinnoline (14) and phenanthrene (15) are 
both planar.
14
M=M --
(13) (14) (15)
On increasing the number of atoms: in the hridging 
chain to three, in order to accommodate these three 
atoms, one "benzene ring has: to twist from the planar 
position, and hence asymmetry can arise owing to the 
twisted conformation. The formation of seven-membered 
ring is particularly easy (Kenner and E.G-.Turner, J.,, 
1911, 99, 2101; Beaven, Hall, Lesslie and Turner, J.>, 
1952, 854) hut only two compounds without ortho - 
substituents have been obtained optically active. They 
both have low optical stability and low opticallotation. 
2,?-Dihydro-3,4:5,6-diben2LOthiepin-l-ozide-2* ,5"- 
dicarboxylic acid (16) warn said to owe its asymmetry
\\ / ) - \ j
y
Cco^E.b')^
(16) (17)
to the presence of a large hetero atom (Truce and Erarick,
O
J. Amer.: Chem. Soc. , 1956, 78, 6130), [ o( ^ g^^o^
6,6-Dicarbethozy-1,2:3,4-dibenze[1,3]-cycloheptadi ene
(17) is: optically stable in crystalline state and had a
15
half life period of racémisation in cyclohexane at
51.5° of 80 min. (iffland and Siegel, i. Amer_^ 'àOLS^ 9.
1958, 80, 1947).
Three optically active "bridged "biphenyls' with 
eight-memhered bridging ring have been reported.
2,5-Diphenyl-5,6:7,8-dibenz.o-l,4-diazocine-2* ,5‘*-dicarbo- 
xylic acid (18) was resolved by crystallisation of its
eo.H
H o c
(20)(19)
■brucine salt from ethanol. [Bell, J., 1958, 1587]. 1,8:3,4-
Dibenz.-l,3-cyclo-octadiene-6,7-di-carboxylic acid (19) 
was; obtained in two optically active forms, one form being 
ci8-acid and the other one of the two possible trans-acids 
[DvortGjn, Smyth, and Mislov/, Amer. Chem. Soc. y 1958, 
80, 486]. The cisracid was resolved through its morphine 
salt from acetone, and it has a half life period of 
racémisation of 85 min..- at 51.5^ and of 650 min. at 16.5*^  
(both in ethanol). The trans-acid was resolved through 
its brucine salt from acetone, and has; a half life period 
of mutarotation of 12 min. at 51.5^ in ethanol. 1,2,7,8- 
Tetrahydro-5,4:5,6-dibenz.azocine-l- spiro-1 ^ -piper idinium 
picrate (20) was obtained in optically active forms by
16
crystallisation of* the ( + )- and (-)-CV - hromocamphor- (t - 
sulphonatea* It i& optically highly labile and has a 
half life period of racémisation of 3.5 min. at 16^ in 
acetone. It is less optically stable than (19) and the 
replacement of the carbon atom by the small nitrogen may 
be partly responsible for this [Ahmed and Hall, J., 1959, 
0383].
2,2'-Bridged biphenyls with a nine-membered bridging 
ring are rather difficult to synthesize. But #islow, 
Hyden, and Schaefer [i. Amer. Chem. Soc.■ 1962, 84, 1449] 
had obtained optically active 1,2,3,4-dibenzcyclonona-1,3- 
diene-7-carboxylic acid (21). It was optically activated 
by second-order asymmetric transformation of its 
quinidine salt from acetone; subseq.uent decomposition of 
the salt gave the (-)-acid, [ ]^-48.4^ in bensene. It
was; optically stable at room temperature but heating under 
reflux in benzene for one hour resulted in complete 
racemization.
one, C H O
(21) (22)
Not much work has been done on compounds with a 
longer bridging chain. For the present work biphenyl-2,8'- 
dialdehyde (22) was prepared for use in the Wittig reaction.
17
It was thought that if (22) was condensed with o- 
phenylenediainine a 2,2*-hridged biphenyl with ten- 
memhered bridging ring would he obtained, and if a 
carboxy group was introduced into the diamine molecule, 
the condensation product would be ready for resolution.
Previous condensation reaction with (22) to give 
2,2*-bridged biphenyl was- carried out by Bacon and 
Lindsay [J., 1958, 1375] who condensed both (22) and 
2,2*-diacetylbiphenyl (23) with hydrazine. Biphenyl-
MeOd
(23)
2,2*-dialdehyde (22) in polar solvents, at 0^ to > 100^, 
and under acidic and alkaline conditions, gave only 
phenanthrene in yields up to lOO^ b. By contrast, the 
cyclisation with (23) readily gave cyclic azines 
containing a central eight-membered (1,2-diazocine) 
ring, the best yield being obtained at 0^ (Bacon & 
Lindsay, ibid.., 1382). It was proposed to condense (22) 
with ethyl 3,4-diaminobenzoate and hydrolyse the 
resulting condensation product to give a compound con­
taining a cisltral ten-membered ( 1,4-diazecine) ring with 
a resolving group. A certain amount of difficulty is 
to be expected in the synthesl'S; but when once it is 
made the double bonds and the benzene ring present may
18
help to stabilise the effect of free movement of atoms 
in the long chain of the bridge.
19
II. The Wittig reaction
1. Introduction
Wittig reaction is a method for replacement of 
carbonyl oxygen atom by a methylene group. This is 
effected by the reaction of methylene-triphenylphosphorane, 
and its substituted derivatives in the methylene group, 
with a carbonyl compound,, resulting in triphenylphosphine 
oxide and the corresponding olefin.
Ph^ P = + 0 = CR^ R^   > • Ph^ P = 0 + R^ R^gC = GR^ R^
The first substituted, methylenetriphenyl-phosphorane 
had been prepared by Staudinger and Meyer (Helv., Ghim. Acta. 
1919, 2, 619) who were trying to obtain quinquevalent 
compounds of phosphorus. From triphenylphosphine and 
diphenyldiazomethane they obtained the phosphazine (l) 
which, on heating, lost nitrogen to give diphenyl- 
methylenetriphenyl-phosphorane (2), a red crystalline 
compound, which was stable to ordinary carbonyl compounds
Ph,p + NsN = CPhp ------ > PhzP = N - N = CPh^
5  ^ (1)
PhNCO
PhN = C = CPhp f----------- Ph^P = CPhg
" (3) '  ^ (2) ^
but with phenylisocygnate gave the ketenei#.ide (3).
Other methylenetriphenylphosphoranes have been 
reported. Coffman and Marvel [J. Amer. Chem. Soc.., 1929,
20
51, 5496] found that triphenylalkylphosphonium halides 
reacted with alkali metal alkyls to give coloured products, 
apparently identical with the methylenetriphenyl­
pho sphorane s. of Staudinger.. Krëhnke [ Chem#. Ber* , 1950,
85, 291] treated ^-nitro-henzyl-triphenylphosphonium 
bromide with alkali and obtained deeply coloured product 
in the zwitter-Ionic form. However, the use of these 
compounds in the exchange reaction was discovered by 
Wittig and the reaction is justly named after him.
In the usual procedure of converting G%0 to G:G a 
G-rignard reagent is attached to a carbonyl group and a 
molecule of water is eliminated from the resulting 
carbinol. But this; classical method does not give the 
exact position of the double bonds introduced from 
aldehydes and ketones into the olefins. With tertiary 
or secondary alcohols the splitting of water may take 
place in two or three directions giving more than one 
product. In such cases, Wittig*s method is employed.
The advantage of this method is that the double bond 
formed remains in the same position as that in the 
carbonyl group,eiiren when it occupies an energetically 
unfavourable position. This new method is based on the 
work of Wittig and Geissler (Annalen, 1955, 580, 44) who 
found, that triphenyImethyIphosphonium bromide (4) was 
easily obtained from triphenylphosphine and methyl bromide.
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and when treated with phenyl-1ithinm afforded methyl­
enetr iphenylpho sphorane (5). The reaction with henzophenone 
yielded almost quantitative amount of asymmetric dlphenyl- 
ethylene and triphenylphosphine oxide, 
r ©  "I ©
LPh^P CH^ J Br + PhLi ---- > Ph,P = CH^  + PhH + LiBr
(4) (5)
Ph^P = CHg + 0 = CPhg ---- > Ph^P = 0 + PhgC = CHg
In connection with this Wittig and Schüllkopf (Chem.
Ber. r 1954, 1318) and Wittig and Haag (Chem. Ber..,
1955, 88, 1654) showed that other alkylidene- and
arylidene --triphenyIphosphoranes: undergo exchange reactions
with carbonyl compounds, giving the best yield of olefins.
It was then proposed that methylenetrIphenylphosphoranes 
should be used for the conversion of CrO to G%C.
Experimentally the exchange takes place in an alkaline 
medium, and most readily in the cold or at a slightly 
raised temperature.
8. Me.chani sm
An alkylidene triphenylpho sphorane may be represented 
as., a resonance hybrid of contributing structures such as 
(6) and (7). Wittig and Schüllkopf [Chem. Ber.. 1954, 87,1318]
© 0
Ph^ P = CR2R2 Ph^ P - GR^ Rg
YIENE YLIDE
(6) (7)
proposed that reaction with a carbonyl compound involved
22
attack by the nucleophillc carbon of the phosphorane (in 
its ylide form) on the polarised carbonyl group to give 
a phosphobetaine (8).
© 8- © 0Ph,P 0 Ph,P 0
> i| j %' / \ /
c ----- >  c —-  C
/ SA / \
R2 Rp
(8)
The tendency of phosphorus to coordinate with oxygen, 
and the free doublet on oxygen, result in the decomposition 
of (8) into triphenylphosphine oxide and olefin, probably 
via a four-membered cyclic transition state (8)a. The 
formation of the zwitterion (8) in the first step is
®  G
Ph^ P -r 0
5.
(8a)
PhjP = 0
proved in the reaction between benzaldehyde and methyl­
enetr iphenylpho sphorane. The zwitterion (9) was isolated
©
Ph,P = CE, + 0 = CHPh  ^  Ph,P - CE, - CHPh3 (5) 2 3 ^  ,
EBr
©
0©
Ph,P - CH - CE - Ph Br
(10)
I
OH
©
and characterised as its. hydrobromide (lO) [P. Schdllkopf, 
Thesis, Tubingen, 1955; quoted by SchBllkopf in his review 
Angew. Chem.. 1959, 71, 860Î.
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Wittig and Haag [Chem. Ber., 1955, 88, 1654] pointed 
out the analogy between the elimination of triphenyl- 
phosphine oxide from the betaine (8) and the thermal 
decomposition of quaternary phosphonium hydroxide (ll) 
and alcoholates, (12).
m z P  - GHz Me%P - GIL MèzP + CH.f  i -V — V
(11)
[Fenton & Ingold, J., 1989, 8348]
® ©
Me,P - CH,  ^&zP - CH, %:.P + CH,
© ^  ''i S   ^ > 1^ 1
0  -  CHg -  CH5 0 -  C2H5 0  C2H5
(12)
[Hey & Ingold., J., 1933, 53l]
Zwltterions of type (8) are probable intermediates in 
the action of triphenyl-phosphine on epoxides to give 
olefins. TriphsG n;y;i pho sphine and styrene oxide on 
heating together at 165° gave triphenylphosphine oxide
(86%) and styrene (50^ 6) [Wittig and Haag, loc. cit. 1
0 0 
P hzP  +  G H ^\ o PhzP -  CHp PhzP CHo
5 I 2 0 . \  I  ^ 1
C H-^ 0 -  CH 0  +  CH
I I I
Ph Ph Ph
Similarly, triphenylphosphine and -phenylglycidic
ester at 170° gave a mixture of ciB;-(48%) and trans.-
(52^ 6) cinnamic esters.
McDonald and Campbell [j^ . Org. Chem. . 1959, 1969]
24
report, in support of the Zwitterion intermediate, that
when the Wittig reaction is carried out in an ether
solvent a temperature of ahout 65^ is required to
decompose the intermediate to products. However, using
e.thanol-ethoxide system the reactions proceed rapidly
in about 30-60 sec. at room temperature. They conclude
that the rapidity of reaction in ethanol is in line
with the polar nature of reaction intermediate.
Johnson [Jj^  Org. Chem. . 1959, 282] investigated
the reaction of fluorenyltriphenylphosphorane, one of
the stable pho sphorane S:. (stabilised by resonance shown),
with carbonyl compounds, and found evidence supporting
-1 ©
PPt
the nucleophilic attack on the carbonyl carbon. 
Fluorenylene-tr iphenylpho sphorane reacted with benz.alde- 
hyde^giving the corresponding p-nitro-conversion product 
in 96% yield. It failed to react with fluorenone, but 
with 2,4,7-trinitrofluorenone it reacted in lOCÇb yield. 
p-Dimethylamino-benzaldehyde did not react at all. It 
thus seems that substitution by a group (e.g., nitro group) 
which increases the polarization of the carbonyl group 
in benzaldehyde or fluorenone facilitates' the reaction, 
and the attack of a negative carbon at the positive
carbonyl carbon must be the controlling step in the
25
Wittig reaction.
Spez-iale and Ratts [J^ Amer. Chem. See. , 1962, 84, 
854] first put forward the possibility of prior co­
ordination of phosphorus with the carbonyl oxygen in the 
initial step of the reaction. But they decided against 
it from the result of the competitive reaction of 
dichioromethy1enetriphenyIpho sphorane with jp-nitro- 
benzaldehyde and p-dimethylaminobenzaldehyde giving 
exclusively  ^^  -dichloro-4-nitrostyrene. Again, the 
p-nitrobenzaldehyde was demonstrated to be more reactive 
than the corresponding dimethy1amino derivative, and 
only a nucleophilic attack at the carbonyl carbon would 
explain the difference. However, this possibility of 
nucleophilic attack by the carbonyl oxygen will be 
dealt with later in connection with stereochemistry of 
the product.
3. Scope and limitation 
a. The triphenylphosphorane
Wittig reagents of the general formula ^h^ P = CR^R^ 
are prepared by the action of a suitable base on the 
corresponding phosphonium halide. Ordinarily they are 
not isolated as: they are unstable.. They are yellow to 
red crystalline compounds. The formation reaction depends 
on the proton-releasing effect of the positively charged 
central P atom, which is. able to stabilise the inductive
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and mesomeric effect of the negative charge produced 
on the neighbouring carbon atom. As an element in the 
second row, P is. capable of extending its valency shell 
of d-orbitalsi to a decet^ [Wittig and Rieber, Annalen. 
1949, 562. 187, had prepared pentaphenylphosphorus 
successfully] so that it can pull the free electron 
pair towards: itself, with the formation of a P-C' bond. 
Methylenetriphenylphosphorane can thus, be written as two 
resonance hybrids, the ylene form (6), and the ylide 
form (7).
The semipolar nature of the ylide structure gives 
methylenetriphenylphosphoranes: their nucleophilic 
character and makes them capable of reacting with 
carbonyl compounds, or undergoing polar additions. With 
halogen acids the corresponding phosphonium halides are
© e
Ph^P - CR1R2 + E X ------>  Ph^P - CHR^Rg
©
formed and v/ith water the corresponding hydroxides
® .OE 0^
PhzP - CHRnRp ---- > PhzP.  > PhE + Ph P"'
 ^ ^CER^Rg C^BR^ Rg
Although the hydrolysis is. a reversible reaction, in
practice it proceeds, only in one direction as the
resulting phosphonium hydroxides are most unstable and
decompose irreversibly to the diphenylalkyIphosphine
oxide and benzene. This is why reactions with methyl-
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enetriphenylphosphoranea must exclude moisture and why 
the hydroxyl ions, in general, are not suitable for the 
hX-splitting.
The yellow alkylidenetriphenyIphosphoranes 
(6; R^,Rg=Il or alkyl) are highly reactive; they rapidly 
absorb oxygen and, besides adding to aldehydes and 
ketones, react with water, halogen acids, alcohols, and 
other carbonyl compounds, e.g.. esters (see below). The 
red-orange arylmethylenetriphenyl-phosphorane 
(6;R^=H;Rg=:aryl) are somewhat less reactive, e.g. 
benzylÿdenetriphenylphosphorane does not react with 
Michler*a ketone [Wittig and Haag, loc.cit.], and the 
red diaryImethy1ene-triphenylphosphorane (R^,R^=aryl) 
are stable to oxygen and ordinary carbonyl compounds, 
but are decolorized by water, alcohols, and acids 
[Stau dinger and Meyer, Helv. Chim. Acta, 1919, 2, 635]. 
This increasing stability and colour is associated with 
increasing delocalization of the negative charge on the 
methylene carbon atom, e.g.
®  G /f-A ® /=\
Alkylidenetriphenylphosphoranes. add rapidly to 
esters [Wittig and Schdllkopf, 3^. cit.], and treatment 
of the intermediates with halogen acids gives'
^-ketoalkyltriphenylphosphonium halides, e.g.. (33)
28
Ph^P = CEg + PhOOOOgHg
0 0
0
Ph.P CHp-C-OEt 
^ Ph
©
[ph^P^CH^COPhJ Br
© r ® 1 0[ph,P CHg-COPhJ OEt
This reaction precludes the use of Yifittig reagents 
containing an ester group in the same molecule, except 
in the special case of the reagents derived from 
^-hromoesters, e.g. (15), where resonance of the 
type depicted stabilizes the phosphorane and deactivates 
the ester group.
0 1 0 
Ph^P CHgCOOCgH^J Br
(14)
& o
ITaOEt  ^ PhjP-CHCOOCgH^ PhjP0
(15) CH
I 0®
c"
"OEt
Thus, the phosphonium hromide (14) with sodium ethoxide 
in ethanol gave with henzaldehyde a 77% yield of ethyl 
cinnamate [Wittig and Haag, loc. cit.] which suhsequently 
gave 86% trans-cinnamic acid. In fact, (1.5) is so stable 
that it can be prepared, in an aqueous solution [isler, 
Gutmann, Montavon, Rüegg, Ryser, and Zeller, Helv. Ohim. 
Acta. 1957, 1248].
The stability of phosphoranes is markedly affected 
by certain structural features. Generally systems of
© X
Ph^P - GR]_ — CR2R^  
(16)
©  0 
Ph^P - CRj = CEgE^ + X
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the type (lô) appear to he unstable if X is an easily 
removable anion, e.g. alkoxide, halogen, etc. [Schdllkopf, 
Angew. Chem., 1959, 71, 260]. In such cases the molecule 
is capable of ^-elimination. The easily obtainable 
bi sphosphonium salt (17) from 1,2-dibromoethane and 
tr iphenylpho sphine [Stilz., Thesis, 1955, Univ. of Tubingen, 
quoted by Wittig, Eggera:, and Duf f ner, Annal en, 1958, 619,
10] does not give the expected bifunctional phosphorane
(18) by the action of phenyl-1ithium, but gives triphenyl- 
phosphine and triphenylvinylphosphonium bromide (20),
(19) being a probable intermediate.
0 - ©  (t) "I 0
Br ph,P - CHo - CHo “ P Ph^ Br + PhLi >  Ph P = CH - CÏÏ = PPh_
_ 3 2  ^ \  ^ (18) ^
\ -r 0
Ph^P - CH - CE. - PPh. Br
5 (19 r
©  r ©  '1'
Br PhjP - CH - CHg + Ph^P
(20)
In special cases, decomposition of phosphoranes 
can lead to cyclic products as noted by Mondon [Annalen,
1957, 603, 115]. Tetramethylenetriphenylphosphonium 
bromide (21) gives a deep red ylide (22) with phenyl- 
lithium in ether. This is then converted slowly into 
a new phosphonium salt which is probably triphenylcyclo- 
butyIphosphonium bromide (23).
so
©  — ©
Br PhjP - CH2CH2CH2CH2Br 
(21)
Phil ®
------ > PhjP - CH CHgBr
©
CHg
(^ 2)
- CH
Br ©PhzP - CH - CHg 
1 I
CHp - CHp 
- (2^ ) ^
b. The aldehydes or ketones
The Wittig reaction proceeds without complication 
with saturated and unsaturated aliphatic and alicyclic 
aldehydes and ketones, with alkylaryl and diaryl ketones, 
and with aromatic aldehydes. Some of the carbonyl 
compounds: used by Wittig and his. co-workers are : 
henzaldehyde, benzophenone, acatophenone, cyclohexanone, 
cinnamaldéhyde, £-nitrobenzophenone, -dimethy 1- 
aminobenzophenone, fluorenone, glyoxal, o-phthalaldehyde, 
2,2*-dibenz.oylbiphenyl, ethyl benzoate and E-methyl- 
formanilide .
c. Stereochemistry of the resulting olefin
The formation of a mixture of cis-and trans-isomers 
in the Wittig reaction was first noted by Wittig and 
Schdllkopf [loc. cit.1 in the reaction of ally1idenetri- 
phenylphosphorane with henzaldehyde to give a 1:1 mixture 
of cis-and trans-1-phenylbutadiene. The ratio of cis- 
to trans-isomer isolated may vary with the direction of
coupling, the base used, and the temperature of the
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reaction. Thus henzyltriphenylphosphonium bromide with 
butyl-1 ithium and henzaldehyde gave 30^ o of cis- and 70^ 6 
of trans- stilbenes [Wittig and Haag, loc. cit.], but, 
with sodium ethoxide as the base in ethanol, 53% of 
cis- and 47% of tr ans-stilbenes were obtained. Temperature 
of reaction influenced the ratio of isomers isolated in 
the reaction of henzaldehyde v/ith the b ipho sphor ane (24): 
at room temperature a mixture of the three cis-trans 
isomers was obtained, but heating under reflux in ether 
for 1 hr. gave only the trans-trans isomer [Mondon, loc. 
cit. ]
PhCHO
Ph^P = CHCHgCHgCH = PPh^ ---------> PhCH = CHCHgCHgCH = CHPh
(24)
In many YYittig reactions, only one of the possible 
isomers is formed, probably for steric reasons, e.g. 
27hydroxymethylcyclohexanone (25) with carbomethoxymethy 1 - 
tr iphenylpho sphonium bromide and sodium methoxide in 
methanol gave a product containing only 0.5% of cis - 
isomer (26), detected by its ready lactone formation 
[Harrison & Lythgoe, unpublished, quoted by Trippett, 
Advances in Organic Chemistry, Vol. 1, 1960, Interscience 
Publishers, Hew York].
Q)
( 3 6 ,
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Thus, up to 1960, it was generally accepted that 
the Wittig reaction normally yielded mixed stereoisomeric 
olefins, with the predominance of the trans-forms. Conse­
quently products obtained as mixtures of cis-and trans - 
isomers were isomerized to the all trans. configuration 
by digesting in the boiling xylene containing a trace of 
iodine, or by crystallizing from dimethylformaraide. [Mc­
Donald and Campbell, Org. Chem. , 1959, 24, 1969].
In 1961, Bergelson, Vaver, and Shemyakin [izvest. 
Akad. Nauk S.S..S.R. , Otdel. Khim. Hauk. 1961, 729] 
reported the effect of the solvent on steric orientation 
of the V/ittig reaction. They showed that when run in 
cold dimethylformamide the reaction yielded mainly the 
cis-isomer. Thus, benzylidene-triphenylphosphorane (27) 
with henzaldehyde in dimethylformamide gave 3ll mixture 
of cis-and trans-stilbene. whereas the corresponding 
ratio of the product in ether was 3:7 [scame as Wittig 
and Haag^ s]. Shemyakin et» ad. then proceeded to 
investigate the effect of external factors on the 
mechanism and stereodirection of the Wittig reaction. 
Bergelson and Shemyakin [Tetrahedron. 1963, 3^, 149] 
shov/ed that in the presence of Lewis bases, cis-olefin 
was formed in optimal yield. Thus in the reaction 
between benzylidenetriphenylphosphorane (27) and 
henzaldehyde in dimethylformamide, and with the addition
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Ph^P = CHPh + PhCHO -----> PhCH = CHPh + Ph^PO
(27)
of LiBr or Lil as Lewis base, the ratio of cis-:trans<- 
stilbene is, increased to 81:19. In another series of 
reaction between benzylidenetriphenylphosphorane (27) and 
propionaldéhyde [Bergelson, Vaver, Barsukov, and Shemyakin, 
Dokl. Akad. Nauk S.S.S.R.. 1962, 143. Ill] it was confirmed
© -, © Base PhCHO
I P^hCH^ P Ph^J Cl ------> PhCH = PPh^ ^ PhCH = CHPh
(27) Ph^PO
that the greatest effect on the steric course of the 
reaction was exerted by lithium bromide or iodide (prepared 
by neutralizing a benzene solution of butyl-lithium with 
dry hydrogen bromide or iodide). In the presence of these 
salts the reaction becomes selective, i.e. giving mainly 
the ci^-isomer, even in benzene. In dimethylformamide 
it gives practically only cis-^-ethylstyrene. They found 
that phosphorus of (27), with its tendency to enlarge its 
electronic octet to a decett, interacted with the Lewis 
base. Such interaction was. evidenced by the change in 
infrared spectrùmi of (27), and by the total or partial 
decolorising of its deep red solution on adding lithium 
bromide or lithium iodide, the colourless; products not
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losing their capacity for reaction with aldehydes to form 
olefins. They explained this hy way of schematic 
representations. If the reaction between the phosphorane 
and the aldehyde begins v/ith electrophilic attack upon 
the ylide carbon ['Wittig and Schdllkopf, loc. cit. 1 , a 
mixture of cis- and trans-olefins should result, depending 
on the orientation of the reactants in the initial attack 
(scheme la and lb). However, it seems that the electrophilic
R H
(28) CIS
© 0
ü>
(29) trans
attack of the ylide carbon by the; carbonyl carbon is not 
the only route. An alternate pathway [already pointed 
out by Speziale and Ratts, loc. cit., but without positive 
evidence], involving nucleophilic attack on the phosphorus, 
would result in the transr-olefin. regardless of the 
initial orientation of the reactants (scheme II). The 
first intermediate may be the bipolar ion (30)which retains 
its freedom of rotation about the P-0 and G-0 bonds. The
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R M  fR H I ^ H  R H ^
(30) Oï) (32) trans
turn about the P-0 bond necessary for the formation of the 
four-membered ring (32) can be accompanied by the turn 
about the G-0 bond, leading to the conformation (31) 
most advantageous for the subsequent cyclisation.
As a result of interaction with the Lewis base the 
ylide phosphorus becomes less electrophilic and at the 
same time less accessible. Hence the reaction in the 
presence of Lewis bases cannot begin with nucleophilic 
attack on the phosphorus according to scheme II, but 
should take place via electrophilic attack by the carbonyl 
carbon on the ylide carbon (scheme III, where 3 is the 
Lewis base). The fact that Lewis bases selectively lead
e io^re) 6 (erg) 6 8®)
/ Ph P=0
R H ” f?"7 R' H H
H
CIS
cis-olefins shows that under such conditions betaine
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(28) forms more readily than its diastereo-isomer (29; 
see scheme la and Ih). This is obviously due to the 
mutual inaccessibility of the phosphorus and oxygen in 
the pre-reaction complex- In polar medium this may be 
the result of the screening effect of solvate sheaths 
about the P and 0 atoms: whereas in the case of ylide 
phosphorus-halide interaction it is due to electrostatic 
repulsion between the halide and oxygen electronic shells. 
The selective formation of cis-olefins shows that this 
effect is considerable.
The influence of similar species of Lewis bases on 
the relative yield of the cis-isomer increases with their 
nucleophility in the order chloride, bromide, iodide.
The effect of amines,, as Lewis bases, on the relative 
yield of cis-isomer is greatly dependent upon steric 
factors, falling sharply in the order butylamine, 
diethylamine, triethylamine. The strong effect of the 
weakly basic dimethylformamide may be due to possible 
interaction between the ylide phosphorus and the strongly 
polarised oxygen rather than the nitrogen. The effect of 
oxygen-containing compounds on the relative yield of the 
.cis-isomer also depends upon their nucleophility, 
increasing in the order ether, tetrahydrofuran, alcohol 
(ethoxide ion).
An important implement for controlling the steric
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course of the Wittig reaction (namely, external influences 
on the availability of electrons in the ylide, and hence 
the position of attack by the carbonyl containing molecule) 
may also be applied to the structure of the ylide so that 
the reaction becomes selective. For instance, the 
stereoselective synthesis- of trans-olefins can be achieved 
when the ylide molecule carries an electron acceptor group 
at the ylide carbon. Thus the reaction of carbethoxy- 
methylenetriphenylphosphorane (33) with henzaldehyde 
yields practically only trans-cinnaraic ester, regardless 
of the presence of halide ions or of the solvent used 
[Bergelson et , Doklladv Akad. Nauk S.S.S.R. , 1962, 143. 
Ill; Wittig and Haag, Chem. Ber.. 1955, 88, 1654].
PhCHO + Ph^P = CHCOOCgH^ ----- > PhCH = CECOOCgH^ + Ph^PO
(35)
The specifically trans directed reaction of the ylide 
(33) with henzaldehyde may be explained by the electron 
density distribution in the ylide. The deficiency in
© 0 ®
Ph,P :r^ CHrr^ C '
5 ^  OC„H^
(53) " 5
electron density at the ylide C-atom hinders electrophilic 
attack by the carbonyl carbon so that nucleophilic attack 
on the ylide phosphorus by the carbonyl oxygen becomes 
more probable. Of the two possible conformation for the
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resultant dipolar ion (54) that preferred is (34h), 
leading to the more stable four-membered ring (35b) and 
thence to the trans-isomers: (Scheme IV). The lower energy
0
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of the transition state (35b) as compared with (35a) is 
due on the one hand to less steric interaction of the 
substituents (phenyl and carbethoxyl) and on the other, 
to the circumstance that only in the case of (35b) can 
there be maximum overlap of the IT -electrons of the 
carbethoxyl and phenyl groups and the developing ethylenic 
bond (coplanarity factor).
4. Scope of the present work
Isler, _et al. [Helv. Chim. Acta, 1957, 1242] had
prepared both carb ethoxy- and carbomethoxymethylenetri- 
pheny Ipho sphor ane (33 and 36) Ph^ P = CHCO^ Me (36)
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and used them in the preparation of ethyl- and methyl- 
esters of hixin and crocetin hy reaction with corresponding 
dialdehyde8. The. ethyl ester as originally prepared hy 
Yifittig and Haag (loc. cit. ) had been treated with benzal­
dehyde to give a 77% yield of ethyl cinnamate, which 
subsequently gave 86% of trans-cinnamic acid.
Simple reactions; of (36) had not been reported and 
it was proposed to treat it with acetone, henzaldehyde, 
acetophenone and then with biphenyl-2,2 ^ -dialdehyde and 
2,2*-diacetyl-biphenyl. The ultimate aim was to prepare 
biphenyl derivatives, in which the substituents, in the 
2,2*-positions were unsaturated. These olefinic products 
would be interesting stereochemically and spectroscopically. 
Only one ketone in the 2,2*-biphenyl series had been used 
in the Wittig reaction. Wittig and Stilz (Annalen, 1956,
598, 93) treated methylenetriphenylphosphorane with
2,2*-dibenzoylbiphenyl, and obtained 2,2*-di.(y3'--phenylvinyl)-
biphenyl in 85% yield.
Wittig, Eggers, and Duffner [Annalen, 1958, 619, lO] 
had prepared a number of benzocyclopolyene compounds using 
phthaldehyde and various bifunctional Wittig reagents, 
mainly those from polyalkylene dibromides; e.g. phthaldehyde 
had been treated with tr imethylene-b i s ( tr iphenylpho sphonium)
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dil^romide in phenyl-lithium and 'benzocyclohepta-l,3,5- 
triene was obtained in 22% yield. It was proposed to 
introduce a central homocyclic ring into biphenyl-2,2*- 
dialdehyde using bifunctional Wittig reagents from 
ethylene dibromide and trimethylene dibromide.
C H O  pk P=CH CHrCH
+  p   ^ c \
The bi spho sphonium salt (17) prepared by Stilz. from 
ethylene dibromide had not been treated, with n-butyl- 
lithium; this reagent has been found to be more effective 
than phenyl-1ithium in the preparation of phosphorane a. 
The products such as (37), would be very interesting 
synthetically. 2,2*-Bridged biphenyls with nine-membered
H C CH
II I
H C CH\ /
CH
(37)
bridging ring would thus be obtained via a shorter route 
(see e.g., ;Mâslow ^  al.., J. Amer. Chem. Spc. , 1962, 84, 
1449). Systems such as this., when saturated in the 
bridging chain, will be twisted and dissymmetric and there 
is a possibility of optical isomerism.
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The use of hifunctional Wittig reagent together with 
a dialdehyde had also been employed hy Griffin, Martin, 
and Douglas, [J. Org. Chem. , 1962, 1627] in a synthesis
of the macrocycle 1,2,5,6,9,,10,,13,14-tetrahenzoGyclohexadeca- 
1,3,5,7,9,11,13,15-octaene. (38). It is of stereochemical
(^ 8)
interest that this compound possesses an all-trans 
configuration.
No Wittig reagent in the biphenyl series had been 
reported. It was, proposed to obtain a new bifunctional 
Wittig reagent by preparing a new diphosphonium salt 
from 2,2^-dibromomethylbipheny1 (39), and then subject
—  CH = CH
6rH^ C
(39)
it to the Wittig reaction with acetone,aaldehyde, 
henzaldehyde and cyclohexanone. The last two reagents had 
been commonly used in the Wittig reaction, but there had 
been no report in the literature of the use of acetaldehyde 
and acetone. Again the products would contain unsaturated 
substituents in the 2,2’-positions.
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ÜIBOUSSION
I. 2,8’ -Vi-( l-hydro3C.v-l-methylethyl^bj-phenyl
This compound was obtained according to the following 
syntheses :
6r 6r
(4)
MQ. NJO^
(10)
CH
(11)
' CMe^
'"i 1
HO OH
(8)
/N
*^eo^c. co^Mc
(9)
MfdH H C-Me, 
I I
HO OH
(7)
H Û, C, CO H
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2,2’“Dinitrobipîienyl (2) v/as prepared from p-chloronitro- 
"benzene 11 ) in 67Jo yield [Shaw and Turner, J. , 1933, 135] and 
was crystallised from glacial acetic acid [Macrae and Tucker,
J.., 1933, 1520]. It was reduced with stannous chloride in 
'boiling hydrochloric acid, giving 2,2’-diaminodiphenyl 13) in 
81/" yield. similar yield was o'btained using catalytic hydro­
genation [koss, Kahan, and Deach, J.Amer.Ohem.üoc., 1952, 74,
4122] in a 1:3 mixture of ethyl alcohol and ethyl acetate, 
although these authors reported 96)u yield under similar conditions.
2,2’-Dfbromohipheny1 4^) was prepared via a complex salt of 
the tetrazotised diamino compound and mercuric bromide [Schwechten, 
Ber., 1932, 65B, 1605]. It was found that the complex salt (12)
could be obtained in 98% yield if mercuric bromide was carefully 
prepared first from the theoretical amount of hydi'obromic acid 
and mercuric nitrate. An excess of hydrobromic acid tended to 
produce brown fumes and lower the yield of 112); and a mixture 
of mercuric nitrate and potassium bromide produced a dark brown 
precipitate. Schwechten found that by mixing the salt (12) 
with a suitable diluent, in this case potassium bromide, it could 
be decomposed smoothly giving generally pure product in good yield 
and without undesirable by-products. However, it was found that 
by heating the mixture in a long thin-walled tube, only a small
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yield was obtained as the sublimate. method modified by
Littlejohn [Ph.D. Thesis, London, 1952] was followed.. The de­
composition temperature of 112) v/as determined, and the salt 
mixture was decomposed in a flask in an oil-bath maintained at 
185° (10° above the decomposition temperature). The mixture 
was then steam-distilled and crude product was filtered off from 
the distillate, giving 64^ 2 yield of crystalline 2,2’—dibromo- 
biphenyl.
2,2’-hi-iodobipheny1 (5) was obtained in a similar manner 
in 60)û yield, the intermediate being the diphenyleneiodonium 
iodide (l3)
(13)
© / }  I®
obtained from the tetrazotised diamino compound and potassium 
iodide in 72>b yield [Lothrop, J.Amer.ohem.Boc., 1941, 1187;
a procedure originally described by kascarelli and Benati,
Oazzetta, 1908, _58 (ll), 624]. -^ he iodonium iodide decomposed 
on heating to give (5), which was extracted with ether and 
purified on an alumina column [Heaney, Heinekey, Mann, and Millar, 
d. , 1958, 3338].
•^ he preparative methods for organolithium reagents derived 
from dihalogen compounds have been reviewed by Millar and Heaney 
[;^ part. Dev., 1957, 11., 109]. 2,2’-Dilithiobipheny 1 (6) can be
prepared from either l4) [Heinekey and iviillar, J. , 1969, 3101]
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or (5) [Heaney, Heinekey, kann, and Millar, ? 1958, 3838].
The dihalogenobiphenyl in sodium-dried ether was added to uhe 
lithium in dried ether, and when the reaction had finished the 
product was decanted into a similar three-neeked flask, under 
nitrogen, ready to be treated with aldehyde or ketone.
2,2’-Di(l-hydroxyethyl)hipheny1 ^7J was prepared hy the 
action of acetaldehyde on the dilithio compound 16). The mixture 
was decomposed hy acid and water and the ethereal layer gave one 
of the isomeric diols 7^ J, m.p. 144-146.5°, in only lO/o yield.
Hall, -Ljadhury, nesslie, and Turner [J. , 1956, 3475] had previously 
obtained two isomeric forms of 17) by reduction of 2,2’-diacetyl- 
biphenyl (14)
(14) (7)
Ms.-do CO-Mg, VA'C.
H O  O H
with lithium aluminium hydride, and separated them by tedious 
fractional crystallisation into diol A, m.p. 147.5 - 149°, and 
diol, 3, m.p. 153-155°. These were presumably the two diastereo- 
isomeric (racemic and meso) forms resulting from the presence of 
two asymmetric carbon atoms. It thus seemed that the solid ob­
tained was impure diol A. This was confirmed by the evidence, 
that mixed m.p. of diol obtained and diol n was 145-148°, and 
that for diol obtained and diol B was 127-132°. '^here was also
a small quantity of second crop, m.p. 140-142°. The remainder
was a brov/n gum which would not crystallise when seeded with either
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A or B form, and hence must have been a mixture of several 
products.
2,2’-Di(1-hydroxy-1-methylethyl)biphenyl (s) was prepared 
from the dilithio compound (6) by action of acetone. The 
residue from the ethereal extract gave a mixture of solid and 
liquid. The solid part, on crystallising from light petroleum 
(b.p. 00-80°) afforded the required product 18), m.p. 138-139°%, 
in 23% yield; and a second crop m.p. 120-135°. The liquid 
part, on distilling, gave biphenyl (b.p. 180-190°/68 m.m. ; 
mixed m.p. with pure specimen 65*r68°), and a second fraction b.p, 
180-190°/l3m.m. which remained liquid. Bromine was detected in 
this fraction. This probably contained some 2-bromobipheny 1 
(b.p. 296-298°/760m.m. or 165°/l3m.m., Bchultz, Bchmidt and. 
"^ trasser, Annalen, 1881, 207, 353).
As it seemed that the diol 18) could not be obtained 
satisfactorily via the dilithio compound ^6), another route to 
it was attempted [Cook and Turner, J., 1937, 117]. -^imethyl 
diphenate (9) was allowed to react with méthylmagnésium bromide 
and the diol (8) m.p. 139-141°, was obtained in 60% yield. 
Attempts were then made to activate it optically.
In 2,2’-di(1-hydroxy-1-methylethyl)bipheny1 s^) there is no 
asymmetric carbon atom, and any optical isomerism present must 
be due to restricted rotation of the biphenyl skeleton.
The standard method for resolving a racemic alcohol is to
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couvert it into the acid ester derivative using phthalic anhydride 
[Pickard and Kenyon, d. , 1912, 620; noering and Leiss, J.^ Tier. 
Ghem.Soc., 1950, 72, 147]. The acid ester, consisting of equi- 
molecular amounts of the (+)- and (-)-forms, may now be resolved 
as for acids, i.e. they are treated with optically active bases, 
mainly alkaloids, e.g. brucine, quinine, etc., and the diastereo- 
isomers thereby produced are separated by fractional crystallisa­
tion.
n pyridine solution of the diol 8^) was mixed with one 
equivalent of phthalic anhydride. nfter ^ hr. at room temperature 
and 1 hr. on a water bath, the mixture was poured into hydro­
chloric acid. The solid obtained has m.p. 87-130° after three
(8) ^  ^
Ho.Me C C w tAd'C. c
crystallisations from aqueous acetone; mixed m.p. with 2,7-di- 
hydro-2,2:7,7-tetramethyl-3,4:5,6-dibenzoxepln (lO) [m.p. 92-94°, 
obtained by dehydration of the diol in 4N sulphuric acid] was 
85-122°. It was concluded to be the mixture of the diol and the 
oxepin. However, when the experiment was repeated, less oxepin 
was formed and the diol was recovered pure after two crystallisa­
tions. The reaction was then repeated using two equivalents of 
phthalic anhydride. This time the product was entirely the oxepin. 
An attempt was also made to prepare the hydrogen phthalate of the 
diol via its potassium salt and two equivalents of phthalic anhydxiœ
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(rendered free from phthalic acid hy dissolving in cold chloro­
form, the acid being insoluble), but the oxepin was again obtain­
ed.
Another method for obtaining optically active esters from 
racemic alcohols is to employ (-)-menthoxyacetyl chloride 
[Wilson and Read, J., 1935, 1269]. However, an attempt was 
first made to prepare a simple acetate of the diol (8), using 
acetyl chloride in pyridine solution. -^ ut only the oxepin (lO) 
was oûtained (mixed m.p.). An attempt to prepare the diol 
acetate via its potassium salt also failed, the oxepin (lO) 
being the entire product (mixed m.p. and infrared spectrum).
This meant that the same results would be obtained in trying to 
make the menthoxyacetate.
The chromatographic resolution of the diol by adsorption 
on a cellulose column also failed.
method of resolution which has been applied to compounds 
v/hich lack a salt-forming group and so cannot be resolved by the 
normal means is optical activation by asymmetric solvent action. 
Buchanan and Graham [-J. , 1950, 500] found that asymmetric trans­
formations occurred when potentially optically active, but 
optically unstable, compounds were dissolved in an optically active 
solvent. The compounds so obtained had a sufficiently high 
rotation in an inactive solvent. The asymmetric solvent employed 
moSb generally was ethyl- (-4- )-tart rate, which, apart from its 
ready availability, possessed several advantages. It is a most
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powerful solvent, soluble in water and can be removed easily 
from solid materials, while water-soluble compounds can be freed 
from it by extraction with ether. typical procedure by
Glazer, Harris and Turner [j. , 1950, 1755] was followed. The 
diol (l g.) was dissolved in ethyl-(+)-tartrate (20 c.c.) at 
60°. it was cooled to 25° and kept at this temperature for 1 hr 
*^ ced water was added and the precipitate obtained (0.8665 g. ), 
when washed and dried, had m.p. 91-92°. This was shown to be 
the oxepin (lO) by mixed m.p. and infrared spectrum.Activation 
at 50° for 1 hr. also gave the same results.
The diol (8), when treated with hydrobromic acid ( d 1.49), 
also underwent cyclisation into 2,7,7-trimethyl-5,4:5,6—dibenzo- 
cyclohepta-1,5,5-triene (ll).
In view of the facile cyclisation of the diol, no further 
attempts were made to effect optical resolution or activation.
It was concluded that the failure to resolve or activate the diol 
(8) was due to the fact that no esters, either racemic or 
optically active, could be prepared from it.
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II. 2,2*-iiis(tri'Qhenyl-Dhos-plioniomethvlYoi.phenyl Dibromide
■'i'his compound was prepared according to the following 
reaction scheme:
HO-CHv CH»OHMl 0 c CO Me &r ' tHx Br
(16)
lir.CH (LH^
(18)
■\_T
CHi
®PF.3
(17)
Ô
2,2’-hishydroxymethylhiphenyl (15) was ootained in 95^ 0 yield 
from dimethyl diphenate (9) hy reduction with lithium aluminium 
hydride [Hall, I*esslie, and Turner, , 1950, 711 ]« This diol 
was then boiled with hydrobromic acid (48—50^) to give 2,2*-bis- 
bromomethylb I phenyl (16) in 88% yield [Hall, -Oesslle, and Turner, 
loc.cit.].
The preparation of 2,2*-Bis(.triphenylphosphoniomethyl)biphenyl 
dibromide (17, X=Br) from triphenylphosphine and 2,2*-bisbromo- 
methylbiphenyl (16) was first attempted in benzene at room 
temperature (a general method quoted by Trippett in his review 
"The Wittig Reaction", Advances in Organic Chemistry, Vol. 1,
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•^nterscience -Publishers, New York, I960). -^'he two reactants,
were dissolved separately in dry benzene, and then mixed at room
temperature and stirred. The solid obtained had m.p. 238°, when
crude and also after purifying by dissolving in chloroform and
precipitating with ether [general method quoted by Friedrich and
Henning, Ghem.Ber. , 1959, 92, 2.756]» Its infrared absorption
—  1
spectrum showed a weal: broad band at 604cm" [see Fig. l], which 
was concluded to be the U-Br band» [Bellamy, The Infrared 
Spectra of Complex Molecules, Methuen, London, 1958, gives G-Br 
band as 500-600cm G-Br absorption frequency in 2,2*-bisbromo- 
methylbrphenyl is 601cm ^; in broraobenzéne it is 678cm  ^and in 
benzylbromide it is 550cm ^, given by Mortimer, Blodgett and 
Daniels, J'.Amer.Chem.Soc. , 1947, 62? 822]. In addition, it 
showed the characteristic bands of triphenylphosphonium salts, 
i.e. two strong bands at 1110 and 722cm  ^ [Bheldon and Tyree, 
J.nmer.Chem..8oc». 1958, 80, 2117], and the P-Phband at 1437cm"^ 
[Dellamy, loc.cit. gave 1435-1450cm~^ for P-Ph]. -^ ts empirical 
formula was ^g^H^gBr^P» From the evidence of the infrared 
spectrum and the product of subsequent reaction on it, it was 
concluded that this solid v/as 2-bromoraethyl-2’-triphenylphosphonio- 
methylbiphenyl bromide (18), empirical formula Gg^Hg^Br^P.
""s the product was not satisfactory, it was decided to carry 
out the reaction between triphenylphosphine and the dibromo 
compound (16) in boiling benzene» I'he solid obtained now had m.p,
o-
-O
/\
-n
/\
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277-280*^  when crude and also when crystadlised from a mixture 
of alcohol and ether# The infrared spectrum was not quite 
identical with that of the previous product, m.p# 238^# It 
shov/ed a weak broad hand of G-^r (613cm*“^ ), a f-Pn hand (I435cm'’^ ) 
and two strong hands of triphenylphosphonium salt (1109 and 
719cm )^. Whereas the previous product gave phenanthrene in the 
reaction with acetone in the presence of sodium ethoxide, this 
solid gave a liquid, as well as phenanthrene, in its reaction.
It was subsequently crystallised repeatedly from a mixture of 
alcohol and ethyl acetate until the m.p. v/as constant at 323-324*^ . 
■^ his v/as suhsaquently shown to he 2,2^-his(triphenylphosphonio- 
methyl)hiphenyl dihromide (17,X = Br). The solid m.p. 280° 
was concluded to he a mixture of the mono- and di-phosphonium 
salts.
It seemed that the proportion of diphosphonium salt could he 
increased if the preparation was done at higher temperature. 
Boiling xylene was then used as the solvent and 2,2*-histriphenyl- 
phosphoniomethylhiphenyl dihromide (17 X = Br) was obtained in 
81% yield, crystallising from ethyl alcohol/ethyl acetate mixture
$
j:with two molecules of water. Its infrared absorption spectrum 
showed the P-Ph hand (1443cm ^), two phosphonium salt hands (1109 
and 719 cm ^) and none in the G-Br region.
2,2*-Bi8(triphenylphosphoniomethyl)hiphenyl dipicrate 
(17,X = G^HgNgOy), m.p. 209-210°, was easily obtained from the
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corresponding dibromide. 2,2*-Bis(triphenylphosphoniomethyl) 
biphenyl dicamphorsulphonate (17,X = m.p. 70° (decomp.)
obtained from the corresponding dibromide, solidifed under 
ether and the solid contained three molecules of water, but it J 
could not be crystallised. -i-t showed no mutarotation in 95% 
ethanol at room temperature, the first reading being taken 1-^ min. 
after wetting with solvent, [ CX ] 21.5° (e,0.500).
2,2 *-bis(triphenylphosphoniomethyl)biphenyl dibromide 
(17,X = bp) was used in the Wittig reaction without isolating 
the corresponding phosphorane. The first solid obtained in the 
preparation, m.p. 238°, was used without its true identity being 
realised. An alcoholic solution of the phosphonium salt was 
allowed to react with acetone in the presence of sodium ethoxide 
for 3 days at room temperature. The residue from the ethereal 
extract was digested with light petroleum (any triphenylphosphine 
oxide present would be insoluble and could be filtered off).
T'iie solid obtained from the filtrate had m.p. 97.5-98°. This 
solid was founa to be phenanthrene by its infrared and ultraviolet 
absorption spectra, and also by m.p. and mixed m.p. with pure 
specimen.
bestrnann and H&berlein [z. h'aturforsch. , 1962, 176, 787], in
trying to prove Hondon's assumption [îvïondon. Annal en, 1957, 603,
115] that treatment of Br ( Ph„P CH_(CHn) GH^Br (n = 2) (from Ph^PL o S c/ n /o o
55
© ©
Ph^P - OH2- CHg- CH2- OH2- Br — > PI13P - CH '•' CH2Br
 ^ CHp -  CH2
. © i .
PI13P - OH —  CH2 
OHg— CHg
Br
©
and Br(uHg)^br) with 1 mol. phenyl-lithium gave triphenylcydo- 
butylphosphonium bromide by intramolecular G-alkylation of the 
intermediate ylide Ph P = CH. ^ (Od)^Gii„Br(n = 2), treated theO Cj ±1 lO
monophosphonium salt (18) with 1 mol. sodium ethoxide and 
obtained the cyclised product (19), m.p. 240°. Unfortunately
©
iioio
v B v n
® X. ' O  I ®
èr.ûMj, CH^.PPh^îj5r® 6r.
(18)
4-
CH - CH - PFhg i^6>r
(19)
KlctOnb
\/
CH - FFh
they did not give the m.p. of the starting material. however 
the cyclisation product underwent a Hofmann Degradation with a 
second mol. of sodium ethoxide to give phenanthrene and tri­
phenylpho sphine.
It was thus confirmed that the starting material (m.p. 238°) 
in the present reaction was the monophosphonium salt (18;, a 
conclusion supported by the spectral evidence described above.
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the salt g sodium ethoxide and acetone were heated under
reflux, a liquid, h.p. 66°/4m.m., as well as phenanthrene, was
obtained. It was unsaturated (bromine water). ^ts infrared
absorption spectr/um showed a conjugated carbonyl peak (1695 cm" ),
—  1a very strong peak probably belonging to C=C (1658cm" ), C=C 
conjugated (1626cm ^), aromatic G=C (1590, 1570 and 1495cm"^),
r - 1no biphenyl peak [at 1010cm , see Heaven and Johnson.
Proceedings on the Conference of Molecular dpectroscopy, 1959, 78],
but aromatic substitution peaks were present (738, 719 and 694cm"^ ),
peak at 1372 cm “ probably belonged to G - (CH^)^ absorption.o
There was also a trace of P-Phband (1431cm"") of triphenylphos­
phine , byproduct of the Hofmann degradation. It thus seems that 
this liquid was a mixture of the product of aldol and related 
reactions on acetone, and traces of triphenylphosphine; the 
presence of the former would account for the. conjugated carbonyl 
peak, ana the latter for the aromatic substitution peaks. as 
no triphenylphosphine oxide was obtained, the Wittig reaction 
could not have taken place.
Meanwhile, another solid, m.p. 278-280°, was obtained in the 
preparation of the phosphonium salt. This was subjected to the 
Wittig reaction with acetone in the presence of boiling sodium 
ethoxide. After a similar working up as above, a liquid, b.p. 
114°/6 m.in. , was obtained. It had an empirical formula 
-^t v/as also unsaturated to bromine water. Its infrared absorption
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spectrum [sea Fig.2] shaved a conjugated 0 = 0  peak (lô98cra~^ ), 
0=0 conjugated with aromatic ring (l634 cm"^), aromatic 0=0 
peaks (l575, 1477 and 1451cm"\ two strong peaks probably 
belonging to G-OH^ (1435 and 1379cm ^) [the ones belonging to 
G-(01^g in mesityl oxide are 1380 and 1360cm given by 
Thompson and Torkington, J., 1945, 640], and aromatic sub­
stitution peaks (755 and 730cm"^ ).. However, this liquid, 
unlike the previous one, contained a biphenyl peak (1008cm in 
its spectrum.
This yellow liquid, when hydrogenated for 3 hrs. at room 
temperature, gave an infrared spectrum showing that its carbonyl 
group was no longer in conjugation (l704cm"^). The biphenyl 
and the substitution peaks were still present. In addition, 
spectra of the compound both before and;after the hydrogenation 
showed an OH peak (3484 and 3436cm  ^respectively;, indicating 
that it contained traces of aldol reaction product.
It. thus seems that the product of this reaction was a 
biphenyl derivative containing carbonyl and unsaturation groups. 
Again no triphenylphosphine oxide was obtained and hence no 
Wittig reaction could have taken place. It was concluded that 
the starting material, m.p. 278-280°, was a mixture of the mono- 
phosphonium salt (giving phenanthrene) and the impure diphos- 
phonium salt.
The ’Wittig reaction on the purified dipho sphonium salt
N=\
O
O
o
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(l7,X=iir) and acetone was not carried out oecause, at tnat time, 
Trippett and Walker [j., 1961, 1266] reported that staole 
phosphoranes are generally unreactive towards ketones (see p^ ^5 ). 
It is probable that the corresponding bisphosphorane is highly . 
stabilised by resonance (see illustration).
0 0
G  C H  ^ C H CH C.H
Ph^  Ç 9 Ph^
The. analogous phosphorane, benzylidenetriphenylphosphorane, also 
stabilised by resonance, did not react v/ith benzophenone.
®  /=rv 0
CH CH
['^ ittig and Haag, Chem.i>er.., 1955, 88, 1654]. It was decided to 
attempt the Wittig reaction on the purified salt with an aldehyde 
which is more reactive than a ketone.
The reaction between (l?,X=Br) and benzaldehyde proved 
unsuccessful in boiling sodium ethoxide; the dark red residue 
obtained, when chromatographed on a silica-gel column, gave only 
brown viscous substances, presumably macromolecules. In the 
presence of ethereal phenyl-lithium, prepared from lithium and 
bromobenzene under an atmosphere of nitrogen and used at once, 
the correspending phosphorane appeared to have been formed as. 
shoTO by the orange-red mixture. This colour faded when benzalde­
hyde was added. But when the reaction mixture was worked up, 78^ o 
of the diphosphonium salt (m.p. and infrared spectrum) was recovered 
together with benzaldehyde. It was decided to use n-butyl-lithium
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prepared from n-butyl chloride and lithium, as a hase. n 
calculated amount of n-butyl-lithium was decanted into a reaction 
flask before the phosphonium salt was added.. Orange-red solid 
of the phosphorane was again obtained. ^^ fter the addition of 
benzaldehyde the colour went pale yellow. Triphenylphosphine 
oxide was filtered off in the form of ether-insoluble complex 
with lithium bromide, and when ether was removed from the fil­
trate, 2,2^-distyrylbiphenyl (20) (l.54g., 29%) was obtained.
P k . O H ) / - = r \
------------------------>
V
C H C H C H C H
It \l M ((
P \ p P h . C H C H  . P h
O H  V  O H  2 .
(17) (20)
'"'hen crystallised from n—hexane, with an addition of charcoal, 
the first crop (0.75g., 15%) had m.p. 123^. The second crop, 
m.p. 119^, when recrystallised from light petroleum (b.p. 60-80^) 
iu had m.p. 147°; mixed m.p. with the first crop was 145-146°.
On repeating the experiment the first two crops obtained had m.p. 
144-146°. On investigating these melting points, by recrystallis­
ing from n-hexane and seeding with appropriate crops and taking 
the m.p. 8^ of the solids obtained, it was found that only the high 
melting solid was present ; the low melting one originally ob­
tained in the first experiment now had m.p. 147°. Thus the low 
melting solid, m.p. 123°, was a metastable form of 2,2'-distyryl- 
biphenyl (20). The infrared spectra of all crops were identical 
[see Pig. 3].
oo
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i'‘rom the iiit'rared poectra, there was only one prominent
unsaturation peak (960cm ^) indicating a trans-confignration in
conjugation [see e.g. .'^ ittig, Koenig and Ulauss, Annal en, 1955,
696, 127; Inhoffen, Q^ uinliert, •‘%ss and drdjnann, ghiem. ner..,
1956, 89, 2273; Isler, ejb. al. , -dely. Oiiim. Ac t a, 1957, 1256;
Thompson, ejb. al. , J. , 1950, 214.] -L'he ultraviolet absorption
spectrum in cyclohexane gave A 600 and 260 myu with themax '
corresponding 6 ^ 44,000 and 65,000, i.e. the intensity of themax
shorter-v/avelength band is higher than that of the longer-wave-
length oander This situation also exists in, for example, cis-
st il bene and cis-cinnaiiiic acid.. In the case of cis-stilbene
the figures are A 280, 224; 6 10500, 24400 [beale and noe,max max
J. Amer.Ohem.boc., 1952, % ,  2602; J., 1956, 2755], while in the 
trans-isomer [ A ^ ^ 295, 228; 6 ^ 29000, 16400] the longer-
rn&x IT19.X
wavelength band has higher intensity* Thus, there is an
g
evidence for a cis-confjuration for compound (20).
The longer-wavelength band of stilbenes was ascribed by 
brau.de u Waight [Progress in stereochemistry. Vol. 1, ^u. Klyne, 
butterworths, 1954, bhap. IV] to electronic oscillations over the 
whole length of the molecule, or, to transition from ground states 
to existed states in which dipolar structures e.g. Ph =Cii- 
(Jfi=Ph make larger contributions. In the case of cis-stilbene, 
steric hindrance to a coplanar arrangement of the conjugate system 
(see diagram) y/ill result ±iija.a equilibrium configuration in which
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cis-stilbene
c=c'
trails-stilbene
the planes of the phenyl rings are rotated to an appreciable 
extent with respect to the plane of the ethylenic double bond; 
this will raise the potential energy of the excited state more 
than that of the ground state and the transition energy will be 
increased i.e. A will be decreased compared with that of the1T13.X
trans-isomer. i'he shorter-wavelength band was ascribed by the 
same authors to the "partial" styryl (Bh-C=G-) chromophobe#
In the case of 2,9 *-distyrylbiphenyl (SO), the shorter- 
wavelength band may thus be ascribed to the styryl chromophone 
the intensity of which far exceeds that of cis- or trans-stilbene, 
as is to be expected. The longer-wavelength band is at a higher 
wavelength than either cis- or trans-stilbene, showing that there 
is little steric hindrance in the molecule. This would seem to 
support a trans-trans conf'iguration, but the evidence supporting 
a cis-configuration cannot be ignored.
In the diagram, p. 64, figure a, the steric hindrance between 
hydrogen on the biphenyl skeleton and that on the ethylenic carbon 
can be easily relieved by a twist in the biphenyl 1,1^-bond# In 
figure b.5 in addition to a twist in this 1,1’-bond, some twist 
in the bond joining the terminal benzene ring of the cis-part
2 , 2 - DlSTYRYLBl PHENYL 
. [  showing hydrogen interference]
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(c) g s - o s
trans-trans
c is -trans
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would de necessary to relieve the strain. hut in figure c, 
the molecule is heavily restricted, even Y/ith maximum twisting 
there v/ill still he an interference between various hydrogen 
atoms, and it seems feasible that this form was not obtained. 
-L'hus, the only form that fits in with the evidence from both the 
long- and short-wave band is figure b, and it is proposed that 
2,2’-distyrylbiphenyl obtained has a cis-trans configuration.
The evidence for the cis-configuration in the infrared spectrum, 
a medium to weak band at 690cm"^, might have been masked by the 
stronger band of monosubstituted aromatic ring at 686cm  ^ [see 
Fig. 3].
When 2,2 ^ -distylrylb iphenyl was hydrogenated for 12-g hr s..
2at room temperature, 65 lb►/in* pressure, in ohe presence of 
platinum oxide catalyst, 2,2^-diphenethylbiphenyl (2l) was 
obtained in 93^ b yield. ^he infrared absorption spectrum showed
^ (2lO
PK - PK
the OHg peaks at 2915, 2849 and 1449cm"^ with no unsaturation
peaks, the biphenyl peak at 1008cm"^ and the aromatic substitution
peaks at 754 and 696cm  ^ [see Fig* 4]. The ultraviolet absorption
spectrum in cyclohexane showed A 300, 6 3400, i.e. there wasmax ’ max '
neither biphenyl conjugation nor stilbene conjugation.
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When the hydrogenation was repeated (to find the h.p. of 
the product j for 21  ^hrs., 2,8 ’ ~bis(^ -cyclohexylthyljhiphenyl
(22) was ootained. ^his was confirmed by the Euialysis and the
(22)
infrared spectrum which showed the GH peaks at 290?, 2841 and 
1445cm , the biphenyl peali at 1006cm~^, and the aromatic sub­
stitution peak at 750cm ^only. The 2000-1600cm  ^region gave a 
different absorption pattern from that of the previous product 
(21), and the aromatic peaks at 159? and 3018cm"^ were also 
weaker in intensity [fig. 4]. ^t was concluded that during the 
extra 9 hrs.. the benzene rings at the end of the chain of 2,2'- 
substituents had been hydrogenated as well as the ethylenic 
double bond.
*^t is apparent tnat the phosphonium dibromide (l?,X=br) 
reacted satisfactorily, in the presence of strong base like n- 
butyl-lithium witn benzaldehyde, giving 29/^  yield of the desired 
product. It was decideo. to attempt the reaction with acetaldehyde, 
nt the time, there had been no report in the literature of simple 
aliphatic aldehydes being used in the Wittig method of olefin 
synthesis. it was not apparent whether this absence of literature 
reports on the use of such compounds as intermediates in the vwittig 
reaction was due to failure of these compounds to function normally, 
or to the fact that such experiments had not been carried out.
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'^hen acet aldehyde was added to the bright red phosphorane 
a cream-coloured solution was obtained. Yellow solid (presumably 
a triphenylphosphine oxide - lithium bromide complex) v/as 
filtered off and the filtrate, after removing excess of aldehyde 
and then ether, afforded yellow liquid which was unsaturated to 
tetranitromethane. "hen a benzene solution of this was chroma­
tographed on a silica-gel column and eluted with light petroleum, 
three fractions were collected. The last two fractions were 
viscous liquids and their infrared spectra in niijol were very 
complex. However, 0=0 and OH peaks were present, which suggest­
ed that they must be the products of aldol and related reactions 
which acetaldehyde underwent in the presence of strong bases such 
as n-butyl-lithiiirn I it is possible that butyl-lithium was present 
especially as some cdphosphonium salt was recovered as was proved 
later).
liie first fraction of the chromatogram (0.242g.i was 
unsaturated to tetranitromethane. Its infrared spectrum showed 
the phenyl conjugated ü=G at 1598cm“  ^[see 5], GH=CH at 135V
(rather high frequency), 693 and 962cm , indicating a mixture of
a.
GÎ8- and trans-isomer of a compound containing ethylenic double Don/; 
all of which disappeared on hydrogenation. The biphenyl 11005cm ^  
and aromatic substitution (750cm ^) peaks were present both before 
and after tne hydrogenation. The product which was thought to be 
2,2’-di(prop-l-enyl)biphenyl (25), obtained in 7% yield, was.
CTV
cr
r\
JÛ
oo
JO.
70
YJ/ V
CH CHj CH^
I I It 1 1
- c H C M  -
(23) (24) (25)
hy(3.rogeriated. dhe infrared spectrimi of the hydrogenation 
product) thought to be 2,2'-diprop^lDiphenyl 124)  ^was compared 
with those of compound (26) and 2-propyTüipnenyl (25; [nPI 
-Research Project 44, derial numoer 2094] (see Table 1). accord­
ing to the spectral evidence, compounds 123) and (24) seemeo. to 
have been obtained in this reaction, although analysis of the 
hydrogenated compound gave an empirical formula of instead
of 2^.8^ 22* However, this could have been due to the fact that 
the product was not distilled owing to the small quantity ob­
tained.
The yellow solid (believed to be the complex with lithium 
bromide; filtered off at the beginning, gave 0.5g. (6>) of tri- 
phenylphosphine oxide, and a yellow solid m»p. 220-250°. This 
solid could not be crystallised. Its infrared spectrum showed 
peaks characteristic of triphenylphosphonium salt at 1110 and
-1 r71?cm Loheldon and Tyree, J.hmer.Ohem.^ oc. , 1956, 80, 2117], as 
well as other indefinite, poorly resolved bands. It thus seems 
that this solid wras a mixture of the starting diphosphonium bromide 
and some other miknown product or products.
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TABLE 1
Infrared Spectra of compounds (23), (2U), and (2$).
(2000 - 667 om"^ )
(23) (2Ü) (25) AS3IGMEHT
1597 (sh) 1597 1603 C = C aromatic
1592 G = C
1U75 nai -GHg-
IW4I 1U53 1W*9 ciy- asym.
1376 (sh) 1376 1377 ' GH^- sym.
1357 ' GH = GH
1005 1007 1000 biphenyl
962 GH - CH trans
Y50 7h 9 750 1,2-disubstituted ring
701 monosubstituted ring
693 i CH = CH c ^
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The experiment was not repeated oecause of the possible 
competing aldol reaction of the aldehyde in the presence of such 
a strong base. "^ ther conditions would have to oe sought to
I
improve tne yield of the product. However, in 1963, nauser, 
brooks, kiles, haymond and butler [o', bhem., 1965, 28, 372] 
reported a comprehensive use of certain aliphatic, aldehydes as 
intermediates in the wittig reaction. These aldehydes included 
both gaseous and paraformaldehyde, acetaldehyde, and acrolein.
They showed that reactions involving these compounds tended to be 
rapid and therefore were carried out under very mild thermal 
conditions oy the use of aqueous quenching solutions.. For example 
in a typical reaction with acetaldehyde, the resulting deep red 
solution of the phosphorane, liberated from the corresponding 
phosphonium bromide in dry ether in the presence of butyl-lithium 
under a nitrogen atmosphere, was cooled to 10°, and a solution of 
acetaldehyde I twice as rnuch^  in dry ether was added while main­
taining the bath temperature at 10°. They irmnediately obtained 
a heavy, cream-coloured suspension which was then decomposed by 
the addition of water. From the ethereal layer, after precipi­
tating triphenylphosphine oxide with light petroleum, they obtained 
a mixture of isomeric olefins oy fractional distillation, the cis- 
form being predominant from qualitative gas-liquid chromatography 
analyses. This would seem to confirm results by -^ ergelson, et.al. 
[tetrahedron setters, 1963, 19, 149] that in the presence of a
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Lewis base like lithium bromide, a cis-isomer was predominant.
however, in the course of the present work, predominance of 
either isomer was estimated solely by absorption spectra. nmother 
point against using water to decompose the reaction mixture was 
that triphenylphosphine oxide conveniently forms an ether-insolubb 
complex with lithium bromide and was thus filtered off, leaving 
the desired product uncontaminated. normally it is rather 
difficult to separate triphenylphosphine oxide from the resulting 
oelfin; light petroleum does not always precipitate all of the 
oxide which shows a tendency to leak slowly through all but the 
most carefully conducted chromatographic columns.
-‘-t is thus possible to improve the yield of the olefins 
in the reaction between the phosphonium dibromide il7,X=br) and 
simple aliphatic aldehydes. ^his would perhaps apply also to 
ketones that were liaole to undergo aldol reaction, such as acetone 
the use of which had not been reported in the literature either.
^ne of the ketones comjmonly reported in the literature as an 
intermediate in the vVittig reaction is cyclohexanone. The re­
action between 2,2^-bis(.triphenylphosphoniomethyllbiphenyl di­
bromide (l7,X=br), in the presence of butyl-lithium, and cyclo- 
hexianone, was rather unsatisfactory. The solid filtered from the 
reaction mixture gave ôO'Jf of the starting dibromide, identified 
by its m.p. and infrared spectrum, and 26?^  of triphenylphosphine 
oxide. home cyclohexanone was also recovered together with a
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liquid, the infrared spectrum of which showed that it contained 
carbonyl and groups. There was nothing in the regions 
1660 and 800-650cm  ^to indicate an aromatic substance. The 
residue of this fraction was chromatographed on a silica-gel 
column and the first fraction obtained seemed to be unsaturated, 
•^ ts infrared spectrum showed two very strong bands at 1597cm  ^
(phenyl conjugated G=C) and 1357cm  ^ (probably Ch=CH, as in the 
reaction of the dibromide with acetaldehyde), and a doublet at 
2907 and 2841cm  ^ (CHg stretching). There were two medium 
bands at 1460 and 770cm ^, and two weak ones at 746 and 718cm 
hydrogenation of this fraction gave a product with poor infrared 
spectrum in the 2000 to 650cm  ^region, containing we ale bands at 
1706, 1447, 1376, 1120 and 747cm the two medium peaks at 
2912 and 2849cm  ^were similar to those of the unsaturated material 
-^t was concluded that the phosphorane derived from the 
phosphonium dibromide (l7,X=Br) was rather stable. Tt would 
perhaps react quite easily with an aldehyde, but with a ketone, it 
appears to be sterically hindered in some way. Successful re­
actions vfith cyclohexanone that had been reported by Wittig and
hiscco-workers involved simpler phosphoranes like Ph^P=Oh_ [givingo 2
52yo yield of the product, Wittig and Schdllkopf, Ohem. Ber., 1954, 
âZ., 1318] and Ph^P-CH.Ph which is less reactive [giving 60^ 6 yield 
on the reacted salt, together with 34% unreacted phosphonium salt, 
bittig and Haag, Shem.Ber.. 1955, 88, 1654]. As was pointed out
75
earlier ■benzylidenetriphenylphosphorane (Ph^P=CH.Ph) did noto
react with oenzophenone, which made it feasible that the 
phosphorane obtained in the present work did not react with 
cyclohexanone.
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ül* Æn_2 ' “3isC tri-pheiiylpho s'ohonioraethyl J-ô-nitrobi~orieri:/l dilpromide 
ïhis compound was prepared according to the following 
synthesis:
CO-CO
NO.
CO-CO
(27)
-1-
oo-co (28)
\/
iMO^
HO. CH-OH
&r OH CH^0>r
■C"
COCX COCi HOC. CO^ H
(29)
Pk P F Ph
1 If.0
(33)
Phenanthraquinone (26) was nitrated [Schinidt and bpoun, her.., 
1922, _55j 1194] and a mixture of 2-nitro- (27) (47yl) and 4-nitro- 
phenanthraguinone {28J (25%) was obtained. i'o prepare a ô-substi­
tuted. 252’-biphenyl derivative, only the 4-nitro compound was re­
quired. j-t was oxidised with potassium die hr ornate in sulphuric 
acid [^eore and huntress, J.nmer.ühem.üoc. , 1927, 1524;
modified from Schmidt and KBmpf, der., 1906, 56^  5757] giving 
ô-nitrodiphenic acid (29) in 71% yield.
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was found [^ .h. Poole, Ph.D. Thesis, London, 1965] that 
to obtain the corresponding diol isi^  from the acid 129) by- 
reducing tne ester, without reduction of trie nitro group present, 
was unsatisfactory. a better route was found via the acid 
chloride. The acid (29) was heated under reflux with an excess 
of thionyl chloride [-^ ell and Pobinson, d. , 1927, 1695] which was 
then removed by distillation under reduced pressure. The crude 
acid chloride (30) was fairly easily hydrolysed in air and was 
therefore used directly in the reduction without being purified, 
■‘■’he condition of reduction of 6-nitrobiphenoyl chloride (.30) 
with lithium borohydride had been worked out by Poole, and this 
was strictly followed. 2,2’-Bishydroxymethyl-6~nitrobiphenyl 
(31) was then obtained in 86% yield. The standard method of con­
verting a bishydroxymethyl compound to a bisbromomethyl compound 
was followed [see ^all, ^esslie and Turner, J., 1950, 71l] and 
2,2’-bisbromomethyl-6-nitroüiphenyl (32) was obtained in 70% yield.
The preparation of 2,2’-bis(triphenylphosphoniomethyl)-6- 
nitrobipheiiyl dibromide V53,X=Br) proved very interesting. The 
usual method of preparing a phosphonium salt from a solid halogen 
compound and triphenylphosphine is to dissolve the two starting 
materials in a common solvent. -^t was decided to use xylene in 
this case because it had proved successful in the case of 2,2’- 
bis(triphenylphosphoniomethyl/biphenyl dibromide (l7,X=Br). Tne 
bisbromomethyl compound (32) and triphenylphosphine were then
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dissolved separately in sodium-dried xylene, stirred together,
ana then heated on a heating mantle. dome brown solid as well as
gum was obtained. In an attempt to crystallise it, all the solid
was dissolved in chloroform, out addition of acetone proauced
no crystals. Solid could be obtained in ethereal suspension and
in solution only. a mixture of ethyl alcohol and ethyl acetate
was tried, and after a few times with gum as a result, crystalline
solid (m.p. 200°) was obtained when the slightly cloudy mixture
was left in the refrigerator. After tnree crystallisations
from the same solvent, 2,2’-bis(triphenylphosphoniomethy1)-6-
nitrobiphenyl dibromide (33,X=13r), m.p. 212°, was obtained in
lOÿü yield, crystallising with three molecules of water. The ||
— 1
infrared spectrum showed an OH peak (3499 cm ), triphenylphos- 
phonium salt peaks (1109 and 717 cm ?"), nitro peaks (1520 and 
1366cm )^ and P-Ph peak (1441 cm"^) [see Pig. 6 a and b ].
““hen the experiment was repeated with 50/® more of the bis­
bromomethyl compound 132) in half as much as xylene, only gum was 
obtained and could not be crystallised from the same solvent. 
However, after boiling the alcoholic solution twice with charcoal 
and using a mixture of ethyl alcohol and ether, crystals m.p. 206° 
were obtained in 12.5% yield.
If the mixture was heated in an oil bath at a controlled 
temperature (140°), the yield of the o.iphosphonium salt was in­
creased (20%), but the monophosphonium salt, probably (34) rather
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than (34 A),was obtained, as well (14%). Reparation was effected 
oj fractional crystallisation from acetone, the diphosphonium 
salt being less soluble.
(34) 0^  ^
I’he diphosphonium salt ( 33,A=br) crystallised from acetone 
with two molecules of water and one molecule of acetone, and had 
m.p. 266-268^. Its infrared spectrum showed an Oh peak (3400cnT^ 
triphenylphosphonium salt peaks (1109 and 716 cm""^ ), P-l'h 
(I435cm"^), HOg (1527, lS64cm"^) and G=0 (1701 cm“ )^.
2“Bromome thyl-2^(triphenylphosphoniomethy1)-6-nitrobiphenyl
bromide i.e. the monophosphonium salt (34), crystallised from
acetone with half a molecule of water and half a molecule of
acetone and had m.p. 157-160^.. its infrared spectrum showed an
OH peak (3348cm ^), triphenylpho sphonium salt peaks (1107, 716cm )^
P-Pn peak (1445cm ^), HOg peaks (l522 and 1404cm ^), 0=0 peak
—T( 1704cm ) and G-Br peak (610cm ) indicating a mono-phosphonium 
salt.
I'o get to the dibromide, the monobromide must be soluble and 
the dibromide inso]#le in the solvent of preparation (triphenyl­
phosphine is soluble in most organic solvents). But it was 
found that both the mono- and dibromide had similar solubility 
(e.g. in nitrobenzene, alcohol) and insolubility (e.g. in xylene, 
acetone and ether).
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Friedrich and Henning [Chem.Ber., 1959, 92, 2756], in 
their paper on the general methods of preparation of phosphonium 
salts, and in particular diphosphonium dihromio.es, stated that a 
mixture of mono- and di pho sphonium salts was obtained in chloro­
form, but the diphosphonium salt only was obtained from nitro­
benzene and dimethylformamide. It thus seems that higher 
temperature is needed to obtain the pure dibromide. *^imilarly, 
Mondon [nnnalen, 1957, 603, 115] could get only the monophos­
phonium bromide by heating triphenylphosphine and 1,4-dibromobut- 
ane in benzene in an oil bath at 130^. nowever, horner and 
hingnau [^ ^^ nnalen, 1955, 591, 135] had prepared diphenylmethyltri- 
phenylphosphonium bromide by melting triphenylphosphine and di- 
phenylmethyl bromide together in a porcelain dish on a water bath 
for 3/4 hrs. fhis reaction had proved very slow in benzene.
The solid cake was cooled, pov/dered and crystallised in 50% yield. 
It was then decided to prepare the dipho sphonium salt (33,k=nr) 
without solvent.
Triphenylphosphine and 2,2*-bisbromomethyl-ô-nitrobiphenyl 
(32;, in finely powdered form, were stirred together in a flask 
immersed in a previously heated oil-oath at 180^ (higher than the 
m.p. of the monobromide so that any of the mono salt formed would 
stay liquid and could react further with triphenylphosphine;.
After 5 min. at bath temperature, the mixture was cooled, washed 
and ground well with xylene, and crystallised from acetone. A
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68% yield v/as obtained, the first crop naving m.p. 265-266^ and
fourth Q
the fUri'-tnor crop m.p. 250 . -^t was found that longer reaction
time did not improve the yielo., only worsened it. ^his method 
seems to be the best one for preparing the phosphonium dihromide 
(33,X=Br), giving pure product in fairly good yield.
The preparation or the dihromide ( 35) from the mo no bromide 
(34) [adapted from method oy iviondon, loc. cit. who obtain 1,4- 
tetramethy 1 ene-hi s-1ripheny 1 phosphonium oromide from the rnono- 
hromide] hy melting the monohromide with triphenylpho sphine was 
also attempted. ^^1:1 mixture was stirred for 1 nr. (strictly 
following Mondon; at 200^ (half-way between the m.p.*s of the 
mono- and the dibromide). however, the yield of the dibromide 
was only 17%. It was thought that the reaction time might have 
been too long. At 200^, any solid present must have been the di­
bromide. The hard mess formed in the first 5 min. seemed to go 
soft again if left too long (as was also tne case when triphenyl­
pho spnine and tne bi soromomethy1 compound were melted together j.
2,2*-ois(triphenylphosphoniomethylj-6-nitrobipheiiyl dicam­
phor sulphona te (33,X=ü^Qh^^0^R), prepared from the corresponding 
dibromide, was examined polarimetrically at 22° and at 50° (in 
95% ethanol) and showed no mutarotation or change of rotation with 
temperature. It had [o(] +  21° at both temperatures.
2,2*-Bi s(t r iphe nylpho sphoni ome thy1)-6-nitrob iphenyl di-o( -
bromocamphor-if -sulphonate (33,X=C^Qh^^j3rO^R) v/as prepared from the
corresponding iodide, and its optical activity is still being 
investigated.
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IV. OarbQrriethoxvrnethylenetri-Dhenylohos'Qhorane and its use in the
V/ittip: reaction
i‘he phosphorane (37; was prepared as follows:
PI13P +- BrCH2-C02Me -------- >  Br ( Ph^P- OH2- GOgMe
(35) (36)
PI13P = 0 (38) PI13P = OH- C02Me (37)
Carbomethoxymethy11riphenyIphosphonium bromide (35) was
prepared by mixing methyl bromo acetate (35) and triphenylpho sphine 
in benzene according to the method of Isler, G-utmann, Montavon, 
Hüegg, liyser and teller [Helv.Ghim.ncta. , 1957, 1242]..
u arb ome thoxyme thylenetr iphenylpho sphor ane was then obtained in 
aqueous solution by adding sodium hydroxide solution (10%) to an 
aqueous solution of (36) [isler, et.al. , loc.cit. ]. 1-t was
crystallised from hot ethyl acetate and light petroleum (b.p. 
40-60°). however, it was found that if the phosphorane (37) was 
boiled too long in ethyl acetate, for example, when trying to 
dissolve it in a minimum amount of the solvent before the 
addition of light petroleum^part of it was decomposed to give tri­
phenylpho sphine oxide (38) m.p. 154-155° [Michaelis and Roden, 
Annalen. 1885, 229, 295].
lui attempted reaction between the phosphorane (37' and 
acetone was unsuccessful. The phosphorane in alcohol was heated 
under reflux with acetone for 10 hr s. i^o volatile product was
isolated (the expected product, methyl ys , -dimet hyl acyl ate, has 
b.p. 135-138°) although triphenylphosphine oxide was obtained in 
50% yield.
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Similar reaction with acetophenoxie was equally unsatis­
factory. In benzene, under an atmosphere of nitrogen, the 
phosphorane was recovered after 9 hrs. heating under reflux.
In alcohol, acetophenone was recovered, and triphenylphosphine 
oxide was obtained in 75% yield vhth no other product. Even
when the phosphorane was freshly obtained from the phosphonium
, . e none
bromide (36; in sodium ethoxide and acetophane was added at once,
only alcohol was obtained in the distillate.
At tnis time, Trippett and Walker [J., 1961, 1266] reported 
that c arb e thoxyme thy1ene t riphenylpho sphor ane (39; did not react
PhgP %= OH-0 0 2 #  (39)
with ketones in boiling benzene. This is in common with similar
stable phosphorane, PhgP=GH.uO R, R=Me, Ph, H, , none of which 
reacts with ketones [see also A ami re z and Dershovfitz, J.Org.Rhem. 
1957, 22, 41]. They thought this was due to failure in the 
first step of the Wittig reaction, viz. nuoleophilic attack on 
carbon, and not in the subsequent elimination of phosphine oxide, 
however, Sugasawa and Matsuo. [ohem. and 4arm. Bull. (Japan;, 1960 
8, 819] reported a succèssiiil reaction between carbethoxymethyltri- 
phenylphosphonium bromide (corresponding phosphonium salt of 39; 
and cyclohexanones in methanol at room temperature in tne presence 
of sodium methoxide. Accordingly, in anotner paper [ohem.and Ind, 
1961, 990] Trippett and Walker reinvestigated the reaction of 
ketones with the phosphorane (39) and found that although the
8 6
phosphorane reacted with cyclohexanone, in coiling benzene or 
toluene, to give 25% yield of cyclohexylidene acetic ester, it 
did not react with 2-methylcyclohexanone, diethyl ketone, methyl 
nonyl ketone, acetophenone and benzophenone, under these con­
ditions or under the ones used hy the Japanese, workers.
Apparently, they thought the reactivity of the ketone is critical, 
cyclohexanone and the pyridyl ketones are among those ketones 
most susceptible to nucleophilic attack. They also found that a 
solution of the ester phosphorane (39) in ethanol gave the same 
results as were obtained with the corresponding pho sphonium 
bromide plus sodium ethoxide, the competing reaction in each case 
being decomposition to triphenylphosphine oxide.
All this agrees with the result of the present work, which 
was carriea out before the above results came into print, and in­
cluded the work on the reaction between 2,2*-bis(triphenylphos- 
phoniomethyl)biphenyl dibromide and ketones, in the presence of 
sodium ethoxide. It was then decided not to investigate any 
further the reaction between the respective phosphoranes with 
ketones.
Work on these two ester phosphoranes (3? and 39} was 
published again some months later by Fodor and T5m8skdxi [Tetra 
-hedron betters . 1961, 579] who maintained that the phosphoranes 
reacted with ketones of rather different character when the 
components were heated in a sealed tube for 10-24 nrs. at 100°, or
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for a short time at 170 . The yields seemed to he practically 
unaffected by the excess of ketone present aoove the molar ratio 
2:1, when the components were heated at 100° for 10 hrs.
Products from the two "mixed*' ketones, methyl ethyl ketone and 
acetophenone, consisted of cis- and trans-isomers as evidenced 
by m.p. determinations, hut there was more of the trans-isomer in 
the former reaction than in the latter, which furnished a com­
parable quantity of both isomers. however, in the course of 
the present work, it was decided to pursue the investigation 
with aldehydes which have been used successfully in the bittig 
reaction in almost all the cases reported.
U arb ome thoxyme thylenetr ipheny1pho sphor ane (37) reacted with 
benzaldehyde, in alcohol, giving 69% yield of isomeric methyl 
cinnamates and 94% of triphenylphosphine oxide. This is com­
parable to the reaction between the ethyl phosphorane (39) and 
uenzaldehyde [Wittig and Haag, Ghem. Her., 1955, 88, 1654] in which 
77% of ethyl cinnamate and 88% of triphenylphosphine oxide were 
obtained. nethyl trans-cinnamate solidified, was separated from
the cis-cinnamate. and identified by its m.p. and infrared absorp­
tion spectrum (GH=GH absorption at 1312 and 979cm ^, with absence 
of 694cm band). The cis-isomer was identified by the presence 
of 694cm  ^band in its infrared spectrum [Bellamy, Infrared 
ipectra of Complex Molecules, Methuen, Bondon, 1958]. Both cia- 
and trans-esters, on hydrolysis with alcoholic potash, gave trans-
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cinnamic acid. The ethyl esters were also reported by bittig
(loc.cit.) to give trans-acid m.p. 131-131.5° on hydrolysis
although he does not comment on the simultaneous isomérisation.
The reaction between the phosphorane (37) and an aldehyde
having been successful, it was decided to try the reaction with
biphenyl-2,2*-dialdehyde (43). This dialdehyde was prepared by
three methods. The first and obvious one was by an Ullmann
reaction on o-iodobenzaldehyde (42). Beech [J., 1954, 1297] had
reported a methou of preparing p-nitrobenzaldehyde from p-nitra-
niline., It was decided to adapt this method for the preparation
of p-iodobenzaldehyde from p-iodoaniline (40). The amine was
diazotised to p-iodobenzenediazonium chloride (4l), which was,
Ï I 1
Nl-L = CH O
— '  V  — > u  — eno CHO
(40) (41) (42) (43)
treated with a formaldoxime solution prepared from paraformaldehyde
and hydroxylamihe hydrochloride. -^’he mixture was then treated
with iron alum and then stearn-distilled. The aldehyde obtained 
was purified oy making it into bisulphite compound. The overall 
yield was only 14%, compared with 33% for the corresponding nitro­
compound.
It was then decided to prepare p-io dob enz aldehyde from p— 
iodobenzoic acid (44) according to a method by hapson and
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^ ^ ^ 4 0 a  ^ ^ ^ c o M H P h  c h o
(44) (45) (46) (47) (42)
Rhut tie worth [J. 1941, 487] v/ho reported a yield of 80)b. p-Iodo- 
henzoyl chloride (45) was obtained from the acid (44) and then 
treated with aniline. The resulting anilide (4ô) was treated 
with phosphorus pentachloride to give the corresponding anilide- 
imino chloride (47). An ebhereal solution of (47) was then 
treated with anhydrous stannous chloride and the resulting mixture 
was steam-distilled. The aldehyde (42) was collected from the. 
distillate in 19% yield.
The Ullmann reaction on the aldehyde (42) in the presence of 
copper bronze was carried out in an atmosphere of nitrogen. The 
mixture was heated slov/ly in a metal-batn as control of temperature 
was important. suitable reaction temperature was found to be
190°. The reaction time and the working up were cut down to a 
minimum so as to avoid long contact with air. The toluene extract 
was distilled and biphenyl-2,2*-dialdehyde (43) was obtained in 
69% yield. It v/as crystallised from a mixture of dry ether and 
light petroleum according to the method of Bailey and ^rickson 
[^ rg. Synth. , 1961, 41 ] who prepared the dial dehy de (a 3) from
phenanthrene by ozonolysis. n secona recrystallisation v/as made 
from 70/Ü aqueous ethanol.
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Although the yield of the Ullanmii reaction v/as reasonable 
the yields of the starting material (42) were too low, so it was 
decided to use o-hromobenzaldehyde (48J which was available.
Q" QO
(48) CHO (43)
After 8 hrs. in boiling dimethylformamide [adapted from
method by Aornblum and Kendall, J. Amer.Ghem. Soc. , 1952, 74, 5782]
half of the starting material (48) was recovered together with 4%
of the product (43). but when the experiment was repeated with
half as much solvent and three times longer heating, the same
yield of the dialdehyde was obtained, as well as an 1 -lactone
(50) of the corresponding hydroxy acid [2-hydrox3rmethyl-2^ -carboxy-
biphenyl (44), see Kenner and Turner, J., 1911, 2101] identified
by its m.p. and the 0=0 band (l724om“^), =0-0- band (l274cm'^) and
— 1-Ü-0- band (1110cm ) in the infrared absorption spectrum.
CO^H CH^ OH
(49)
i'he final residue was an unidentified intense yellow oil.
If the reaction was done without solvent, i.e. as for the 
iodo compound (42), the reaction temperature being 200°, the yield 
of the dialdehyde v/as still poor (17%) compared with that from the 
reaction on the iodo compound, and the resiaual intense yellow oil 
was again obtained, as well as 5% of the starting material (48).
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Another route to the o.i aldehyde was attempted. trans-9,10- 
i)ihydroxy~9 jlO-dihydropheiianthrene. 151) was prepared oy reducing
 >
C H O  C H OCO-CO h -c - c h
(26) (51) (43)
phenanthraq.uinone (26) with lithium aluminium hydride. If the
reduction was done in tetrahydrofuran (as the quinone is 
sparingly soluole in ether) only 15/6 yield of the o-iol (51; was 
obtained and 24}o of tne (juinone was recovered. I’he reduction 
in half as much solvent and with twice as much lithium aluminium 
hydride did not go at all and the quinone was recovered almost 
quantitatively.
The reduction in ether [nooth, Boyland ano. Turner, 1.. 1950,
1188] was then attempted.. Using a boxhlet apparatus, only 5/^ of
the proouct was obtained, ana 75^ of the quinone was recovered, 
-j-'he quinone was then added to the lithium aluminium hydride, in 
ether, in solio form. Ahen the mixture was heated under reflux 
for hrs. and worked up in the usual manner, the diol L 51V was 
obtained crystalline in 69/o yield.
The diol 151) was then oxidised with lead tetracetate 
[Oriegee, Marchand and V/annowius, Annalen, 1942, 550, 99] to give 
the dialdehyde l43) in 50% yield.
This last method was the shortest and gave the best overall 
yield of tne dialdehyde.
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The reaction between c arb ome thoxymet hyl ene triphenylpho s- 
phorane (3?) and biphenyl-2,2*- dialdehyde (.43) was carried out in 
boiling toluene.. A 2:1 mixture of the reactants was heated under
C H O  C H O
2. tH-CO^/Us, 4. q  ^ 1  /)  >  q  /) .+ 2
C H  C H  
II M
M i Q C ' C H  C H - C O ^ M e
(52)
reflux for 16 hrs. The soli a obtained was separated by 
chromatographing on a silica-gel column, eluting with a 1:1 mixture 
of toluene and methanol, and finally methanol. The residue of 
the first eluate had to be chromatographed again on an alumina 
column. finally three products were obtained.
1. bolid m.p.- 148-149° or 152-153°, found to be triphenyl­
phosphine oxide by m.p., mixed m.p. and infrared absorption 
spectra. Total yield 65%.
2. ^olid m.p. 106-107°, found to be the cis-trans-isomer 
of 2,2*-b i sÆarbomethoxy vinyl ene )b iphe nyl ( 52 ). The infrared 
spectrum contained unsaturation peaks at 1314, 973 and 693cm"
3. ^olid m.p. 118-119°, found to be the trans-trans-isomer
Total yield 43%.
*^03
of 2,2* -bi8l/carbomethoxyvinylene)bipnenyl (52). The infrared 
spectrum contained un saturation peaks at 1316 and 974cm" Total 
yield 24%.
Evidence for assigning the configuration of the two geo­
metrical isomers obtained:
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[for convenience, solid m.p. 106° will be called isomer A, and 
solid m.p. 118-119°, isomer B.]
1. Melting point and solubility
n has lov/er m.p. than B. Since the trans-isomer has, in
general,greater symmetry than the cis-isomer. it fits into the 
crystal lattice more easily and therefore usually has a higher
m.p.; e.g. cinnamic acid, cis. m.p. 68°, trans, m.p. 153°;
stillene, cis, m.p. 6°, trans, m.p. 124°. Hence A is the cis- 
isomer and 3 is the trans-isomer.
Along with this goes the higher solubility of the cis-isomer. 
In tne process of crystallisation where both isomers were obtained 
from the same fraction, isomer j 3 was obtained first, indicating 
that b is the trans-isomer.
2. Ultraviolet spectra (fig. 7)
Aeadily observable differences between cis- and trans­
isomers are found in olefins of the type abC=Cbc where the sub­
stituents a and c may enter into resonance interaction with the 
Olefinic system. The resonance interaction may be of the polyene 
type, 8=G-0=:G, of the styrene type, c=C-Ph, or of the o(, p -un­
saturated caroonyl type, G=u-G=0. In most cases the cis-isomer 
has its absorption maximum at a slightly shorter wavelength and 
its extinction coefficient is in all cases consideraoly smaller 
than that of the trans-isomer. The major contributing factor to 
this situation seems to be steric inhibition of resonance [Braude, 
Determination of Organic structures by Physical Methods, Braude
logé.
\
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and Nachod Jilds.., Academic "^ ress, ^ew York, 1955, ühap» Iv ;
Braude and \'Vaight, Progress in Stereochemistry, Vol. 1, Klyne, 
kd., Butterworth, London, 1954, Shap. IV].
Isomer A has its absorption maxima at 274 and 824 myu. 
which are at slightly shorter wavelengths than those for isomer B, 
at 278 and 225. i'he extinction coefficient (19,000) of the long­
wave band (274 myu) is also smaller than the corresponding figure 
for isomer B (26,000). I'hus is the cis-isomer and B is the 
trans-i somer.
xi-lso, the spectral patterns of and B follow those for cis-
and trans-isomer respectively, i.e. the short-wave hand (224 myu.)
of the cis-isomer has a larger extinction coefficient than the 
long-wave hand, whereas the opposite is true for the trans-isomer. 
i'his is also true for isomeric stilhenes and cinnamic acids [see 
Braude, Ann. Aeports. 1945, 105] #
3. Infrared spectra [Pig. 8, Table 2]
Lifferences in the infrared spectra of geometrical isomers of 
olefins are found in the 1650cm~^ region (0=0 stretching) and in 
the 970 and 690cm  ^regions (=CH out-of-plane vibration). As a 
comparison, in an cX,-unsaturated ketone, the 0=0 stretching 
band is helpful in olefins of the type aOH=OHb. cis-Isomers 
show higher intensity of the 0=0 stretching vioration (near 
1625cm )^ and lower intensity of the 0=0 stretching (near 1700cm )^ 
than the trans-compound [Brskine and Waight, J., 1960, 5425]*
T\
_ o
Oo
o
i/\
-n
TABLE 2
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Infrared Spectra of isomeric 2,2'-bis(carbomethoxyrinylene)biphenyl.
(and coBçaratiTre intensities)
CIS-TRAMS ESTER 
1709 8 (100) 
1631 8 (8U) 
lilUO 8
13lll s (106)
1117 s 
1066 w 
1009 w-m 
985 m
973 m-s (71;) 
932 w 
861 m 
828 w
768 m
761 m
7U6 ] m-s 
719 1
691 ift-s (63)
TRMS-TRANS ESTER 
1709 s (100)
1631 m-s (69)
liU;3 s
1311; s (100)
i1193 1172
1121 w
1007 w 
980 w
973 mr-s (59) 
933 w 
861 m 
828 w 
768 m 
7 61; m 
7U61 m-s
720-r
692 w (21;)
ASSIGNMENT 
0 = 0
0 = 0 conjugated 
OH3
CH = OH
methoxy group
biphenyl
OH - OH trans
1, 2-disubstituted ring
OH = OH cis
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x''roïii Table 2, using 0-0 intensity as a standard, it is clear that 
nas a higher intensity of 0=0 than B, indicating that is a cis- 
isomer.
The u=_-i out-of-plane vibration is also useful in distinguish­
ing cis- and trans- 1,2-disubstituted olefins. The trans-isomer 
almost invariably absorb at 895-990cm"‘^. The cis-isomers are 
usually free or almost free of absorption in this region and 
often show, instead, a band at 675 to 730cm j'or example:
trans-2-Putene 964cm ' ds 673cm
1-chloro-l-propene 930 673
1,2-dichloroethylene 395 697
[Bliel, stereochemistry of Carbon Compounds, ‘^"cG-raw-hill, -t^ew 
York, 1962, Chap. XII].
Phrther evidence that trans-isomers absorb at 963 cm  ^with 
complete absence of 690cm  ^band came from hasmussen and Brattain, 
J.Chem.Phys., 1947, Xb, 133; hittig, Koenig and Clauss, Annalen, 
1933, 395, 127; Inhoffen, (^uinkert, Bess and hrdmaiin, Chem.Ber. 
1936, æ ,  2273; Isler, , Helv.Chim.Acta, 1957, 1256;
G-riffin, Martin and Douglas, J.Orpj.Chem. , 1962, 27, 1627.
Infrared spectrum of shows quite a strong band at 694cm" 
whereas that of B shows only a weak band, indicating that a is the 
cis-isomer and B is the trans-isomer. However, the 976cm"^ band, 
almost exclusive to the trans-isomer is present in both a and n,.
It is then proposed that A is the cis,trans-isomer of compound (32) 
and B is the trans,trans-isomer of the same compound.
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According to a Leybold model, the trans-1rans-iaomer is 
nearly flat and maximum conjugation can he expected. In the cis- 
tra. 18-isomer. the trans-half is still nearly flat, out the cis- 
half is somewhat restricted. cis-cis-rnodel is very restricted
indeed. To attain this configuration, the tv/o benzene rings of 
the biphenyl skeleton must be nearly at 90° to each other, and 
then there can be little movement of the 2,2^-substituents, 
lienee for steric reason, the cis-cis-isomer of compound (52) had 
not been obtained. -*-t is not clear why the cis-trans-is omer has 
been obtained in a bigger yield than the trans-trans-isomer. In 
previous reports on preparation of diolefins using bifunctional 
v*ittig reagents and dialdehydes, mostly trans-trans-forms were 
obtained. for example, Liondon [Annalen, 1957, 605, 115] prepared 
1,ô-diphenylhexadiene from the 1,4-tetramethylene-bis-triphenyl- 
phosphonium bromide and benzaldehyde, in the presence of phenyl 
lithium, and obtained 14^ 6 yielc of trans-trans-isomer (m.p. 82°) 
and 12.7A yield of cis-israns- or cis-cis-isomer (m.p. 37°). But 
in the presence of sodium ethoxide, 75A of crude product gave 
crystalline trans-trans-isomer on crystallisation.. There was no 
spectral or other evidei.ce to support this assignment. hauser 
^.ad. [ J. Qrg. (Jhem. , 1963, 372] ob Gained 1,6-heptadiene from
pentamethylene-bi8-triphenylphosphonium bromide and formaldehyde, 
in the presence of n-buty1-1ithium in hexane, in yield. he 
gave the characteristic infrared absorption bands of the diene as
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1Ô40, 990 and 910cm indicating that it was a trans-trans- 
isomer.
C M  C H
, i( I H U
MiO^C-CH CH-CO^M^ C H -CD jH ( 5 3 /
•^ ach of the isomeric esters (52) v/as hydrolysed with 
alcoholic potash, and it was found that Doth gave the same acid 
^55)[m.p. and mixed m.p.]. Their infrared spectra were also 
identical [see Fig. 9]. -^t is proposed that the acid has a
trans-trails configuration. The unsaturation peak for a trans- 
isomer at 976cm  ^ [^ahle 3], although not strong compared with 
that in the ester series [compare Table 2] is stronger than the 
peak for a cis-isomer at 698cm” .^ This last peak is very weak, 
even weaker than the one in the trans-trans ester. The assignment 
is supported by the ultraviolet spectral evidence [Fig. lO]. The 
spectra of the two acids obtained from the esters are identical, 
and they follow the same pattern, i.e. the conjugation band has a 
larger extinction coefficient than the shortwave band, indicating 
a maximum conjugation, and hence a trans-trans-confi,curation.
The two acids, although identical, were e.sterified separately 
in methanolic hydrogen chloride. The two esters obtained both had 
m.p. 118-119^ (and mixed m.p. also). The infrared spectra were 
also identical [Fig. ll], and these showed that the esters had a 
trans-trans-confiæuration. The unsaturation peaks at 972cm  ^were
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TABLE 3
1 0 2
Infrared Spectra of 2,2* - Bis (^arboxyvinylene) biphenyl, 
(and conparative intensities)
Acid from cis-trans ester
1686 8 
I6l8 s
(100)
(96)
Acid from trans-trans ester 
1686 8 (100)
1618 8 (97)
Assignment
0:0
0 = 0 Oonjugated
l6o$ w-m 1 
m J
160$ w-m 
lUlU m Î
1319 8 (82) 1319 s (90) OH:Oh
128$ m 128$ m
1267 m 1267 m
1218 la-s ) 
1208 m-8 J
1218 m-8 
1208 m-8 }
1166 w 1166 w
lOOU w 1003 w bjphenyl
936 w 9U$ w
976 m-w (29) 976 IIHW (38) OH - OH trans
9$U m-w 9$U mr-w
93h m 93h m -OH of acid
87$ w 8yU w
861 w 862 w
769 m 1 
lUh m J
769 m 1
7U2 m J 1, 2-disubstituted ring
720 w 720 YT
698 w (lb) 699 w (19) OHrCHcis
À vnylA.
Fi G . 10. U l t r a v i o l e t  A6 s o r Pt i o n  S p e C-t r a  im 4^ %  &THAMOL 
of 2.,L-5\S -CA^fSoX'V Vi fv;\/LEr\jE)6lPHENNL
OP iSoMERiC 
[ Acid f K o M  C(S - T P A N E  EE-rSR
A vw <^x R / ^ S
IL A a t ù  f Ko^A T R A N S  - T R A N S  E S T E R  
A YY^cLx
^ 55" Û00 EV, OTD
VV;./lA-
/
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very strong, and there was complete absence of the G90cm"^ band..
thus, in the reaction betv/een carbomethoxymethy 1 enetripheny 1 -
phosphorane and biphenyl-2,2^-dialdehyde, isomeric 2,2’-bis 
(/carDomethoxyvinylene)biphenyls were obtained, one with a cis- 
trans configuration, the other with a trans-trans configuration, 
however, when the esters were hydrolysec., only the trans-trans 
acid was obtained. ^^ gain when the acids were esterifiea, the 
trans-trans ester, the most stable configuration^was found.
The reaction between the phosphorane and 2,2*-diacetylbi- 
pnenyl (14) was also investigated. This compound was prepared 
from phe nan t hr a q_ui no ne according to the following scheme:
CO-CO Ho-a-e-oH tO.Mt
1 )
Me, Me.
(26) (14)
(54)
Grignard reagent was prepared from methyl iodide and 
magnesium, ana was then allowea to react with phenanthraquinone; 
9,lO-dihydro-9,10-dihydroxy-9,10-dimethylphena;.ithrene (54) v/as 
then obtained in 54^ u yield [.Hall, Ladbury, Lesslie and Turner,
J., 1956, 3475]. This diol was then oxidised with chromic an­
hydride, in glacial acetic acid, and diacetylbiphenyl (14) was 
then obtained in 60> yield [llall, et. al. , loc. cit. ].
The reaction between the phosphor ane ( 37 / and the ketone 
(14) in absolute alcohol gave a liquid b.p. 218^/9m.m.-228^/7m.m.
106^
pv, prCH-co^Me +
^ 2 7 )  Me-CO CO.Me CMe cM t
(14)
\i
MeO C - CH CH -CO. Mg,
(55)
which would not solidify completely, and when crystallisation 
was attempted only gum resulted. separation on a chromato­
graphic column was also trieo_,but the fractions could not be ob­
tained pure, and the only sign that the reaction had gone at all 
was the cinnamate-like smell.
dhen the experiment was repeated in toluene, which had been 
used successfully in the reaction with the dialdehyde (43), a 
mixture of solids (m.p. partly 75^, partly 125^) v/as obtained in 
the distillate. Then fractional^crystallisation was attempted 
only tripheny1phosphi,le oxide was obtained (m.p. and infrared 
spectrum). dome of the oxide had been obtained earlier in the 
c,ol reaction mixture.
The solid, 'ii.p. partly 76° and partly 125°, certainly con­
tained some triphenylphosphine oxide, as shown by the infrared 
spectrum [k'ig. 12]. 'The presence of 0=0 peak suggested that it 
prosably was a mixture of the unreacted diacetyl compound and the 
oxide. mixture of the di acetyl compound and tr iphenylpho sphine
oxide melted completely at 90° (soft 80°). The reaction was not 
investigated any furth-r in view of the general lack of reactivity 
of the phosphorane (37) towards ketones. [dee p. 85 ]•
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V. Polyalkylene dibromide series
kthylenebis C tPipMenylphosphonimTi) dibromide (67) was 
obtained in 91>o yield by ooilinp tr-ipiieiiylphospiiine with ethylene 
dibromide (5ô) [hit tig, kggers, and Duf I'ner, Annal en. 1958, 619.
 ^ from
lOj anc GPystallising^chlorofonn and cyclohexane.
+  BrCH^GH2 Br ------> Br [ Ph3 p-CH2 CH2-PPli3 | Br-
The corresponding diphosphorane was prepared from it oy the
action of n-butyl-lithium, but this did not seem satisfactory.
The resulting solution was dark brown instead of orange or red,
and it became darker on heating. 8ipnenyl-2.,2’-dialdehyde (43)
was added when the Colour Test (Gilman and Schulze, J.nmer.Chem.
Co g ., 1925, 2002) was negative, indicating aosence of outyl-
lithium, and when the mixture had cooled dovm. It was observed
that at rhe point of contact the mixture was green.. This seems
to suggest the aecomposition of the dialdehyde. however, wnen
the mixture was stirred the colour became pale. yfneii v/orked up,
only triphenylpho sphine was obtained (m.p. and mixed m.p.).
bittig al. (loc.cit.) had tried to obtain the corresponding
diphosphorane by treating the dibromide with phenyl-lithiura, i
sodium ethoxide and lithium piperidide. In each case, a brown
solution resulted and triphen, 1phosphine was finally obtained.
It is clear that a stronger base like n-buty1-lithium still had
the same effect on the dibromide (unlike 2,2'-oistriphenylpho8phank
-methyl,biphenylywhich was stable to pheny1-lithium and sodium
/dibromide;
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ethoxide, out gave the corresponding phosphorane with n-hutyl-
lithium). Wittig suggested that what happened was analogous to
the .iofinarm degradation of a quaternary ammonium hydroxide.
r T fKLl ®  ©  1 ©
Br Ph^P-GHgCHg-PPh^ j Br > Ph^P -GH^GH^'^Ph^ } Br
©f ©
Br{ Ph^P-GH=GHg + Ph^P
Trimethylene-1,3-his(triphenylphosphoniuin) dibromide (59)
was prepared in 75% yield by warming triphenylpho sphine slowly 
with 1,5-dihromopropane (58), with stirring. The solid mass 
was purified by boiling the chloroform solution in charcoal, 
filtering, and adding acetone [ Wit tig, ejt. al. , loc. cit. ] .
The preparation of the corresponding diphosphorane seemed 
successful as the mixture was ooviously bright red. The 
addition of oiphenyl-2,2'-dialdehyde did not seem satisfactory, 
the heat of the reaction which had been observed in previous 
successful reactions (e.g. one resulting in 2,2*-distyrylbiphenyl) 
was not apparent, and the green colour at the point of contact 
was again observed. When the reaction mixture was worked up 
in the usual manner, the solid part gave the starting phos­
phonium dibromide instead of the expected triphenylphosphine oxide. 
^ little of the oxide yield) was found in tne liquid part of 
the product. Also obtained from the liquid part were some 
unreacted di aldehyde, a macrornolecular compound with empirical 
formula the infrared spectrum of which showed that it
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contained a carbonyl group and the biphenyl skeleton, and a 
hydrocarbon containing the biphenyl slieleton; the analysis of 
the latter was not satisfactory and the rest of its infrared 
spectrum was not informative.
Successful reactions of the diphosphorane had been ootained 
[Wittig, etr.al. , loc. cit. 1 with benzaldehyde and p-phthaldehyde 
in Ô5 and 22% yield, respectively. In this case it seems that 
steric factors were involved in the failure of the reaction.
To form a four-membered cyclic transition stage at each of the 
2,2^-positions would be very difficult. The yields of the 
reactions with benzaldehyde and p-phthaldehyde would seem to 
support this suggestion.
Ph^P 4- BrCHgCHgCHgPr -----^ Br ( Ph^PCHgCHgCHgPPh^} Br
(58) ' (59)
Ill
VI. Jono.ensation Series
condensation between oi'ohenyl-S.2*-dialdehyde and 
o-phenylene di amine
In an attempt to obtain a 2,2’-bridged oiphenyl with ten- 
membered bridging ring, oiphenyl-2,2’-dialdehyde was condensed 
with p-phenyl ene diamine. a 1:1 mixture of the ai aldehyde and 
the diamine v/as heated in ethylene glycol, at 160°. The solid 
obtained from the ethereal extract contained a carbonyl group 
in its infrared spectrum, and with a crude m.p. of 50^ most of it 
could oe the dialdehyde. When the acid washing of the ethereal 
extract was made alkaline, two products were ootained. One was 
water-soluble and had m.p. 227-230^ (there was not enough sub­
stance for analysis). The other was water-insoluble and had 
m.p. 158-159^, the analysis of which gave a formula corresponding 
to 5,10-dihydro-2,3:6,7:8,9-trioenzo-l,4-diazecine (60), the 
required proauct. It also gave a picrate, m.p. 279-280^ decomp.
CH CH 
It M
(60)
[for the infrared spectra of the two products, see fig. 13. ]
This condensation between the di aldehyde and the diamine was 
also reported by f. Oparatore [Ann.Ohim. (^talyj , 1959, 2102]
who condensed the same quantities of reactants in methanol at 
room temperature. The product was precipitated oy v/ater and its 
benzene solution was chroiiiatographed repeatedly on neutral alumina
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colurans. ^üs product hao n,.p. 52-57^, was obtained in 85% yield 
and the analysis also gave the empirical formula 
ihcre are two possible compounds corresponding to this formula, 
(ôû) and 161), the latter having been formed because of the
CMO CHC
.^ '^ 1 N N
(61)
W W W
interference between hydrogen atoms and the electron pair on 
nitrogen, and the consequent ring contraction into one with the 
stable imidazole nucleus, forming the azepin [dparatore, loc.cit.]. 
cparatore thought that his compound was lôl) because it was basic 
and the ultraviolet spectra obtained, in methanol and in hydro­
chloric acid, were fundamentally similar to tiat of l-benzyl-2- 
p nc ny lb e n z im i da z o 1 e (62), the only difference being a broad hu;ap
(62) ^
C j/
with a maximum at 259 myx- which could be attributed to biphenyl 
system. he did not give the infrared spectrum or any other 
evidence.
i'ne ultraviolet spectra of cparatore ’ s cornpounc, and of the 
solid i._.p. 158-159^ obtained in tne present worn were almost 
identical [see fig. 14]. Their picrates also had similar melting
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.. [ x'Titore ' Û wae a mo .lopicrate a^id. had m. p. 278-230^
de comp. ]. dhua, a^ -art from the m..p. , the two compounds could be 
said to be the san.o ^ i.e. comp ou id (ol). however ^ when 
bparatore's exp'-riLmnt v/as repeated, tv/o solids, crude m.p. 
189-191^ and 216-217°, were obtained. The infrared spectrum 
of tlie latter was identical with tnat of the Quinoxali i.e (65), 
m.p. 888-883° I mixed m.p. 819-821°) [see J*'ig. 15].
It thus seems that the condensation is not reproducible, 
and that at least four compounds, (61> and (65) among them, are 
obtained from it.
One piece of evidence in support of the formula {60'j for the 
compound with m.p. 158-159° is the presence of a 0=n psaiv in the 
infrared spectrum. decent reports of this absorption frequency 
had been given by Bacon and his co-workers. In 3,8-dimethyl—4,5: 
6,7-d.ibenzo-l,2-diazocine (65), obtained from condensation between
C M t  e M t
M M
OH CH
(63) (64) g n  (65)
8,2'-diacetyrbiphenyl and hydrazine hydrate, the frequency of
—. I
0=:; was 1610cm" [Bacon and Lindsay, 0. , 1958, 1382]; and. in 
dinaphtho-[2,l-d.:l ^ ,2’-f ] [l ,2]diazocine (64), obtained from 
condensation between 1,1'-binaphthyl-2,2^-dialdehyde and hydrazine 
hydrate, the 0=1! frequency was 1625cm for comparative
purposes, the quinoxaline (65) was prepared and the C=h frequency
s116
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in its infrared spectrum was 1608cm” ,^ fig.. lo showed the 
presence and comparative intensities of this peak in known and 
unknown compounds. Thus all four condensation products ootained 
in the present work could be said to contain The various
intensities can perhaps be used to give some idea of the number of 
groups present, e.g. the henzimidazole formula (61) requires 
one C=i'T oorid, and the diazecine formula (60; and quinoxaline (65) 
require two 0=^ . oonds. hence it follows that, in fig. 16, I
and III contain one group, while II and IV contain two u=h
groups. This would make I and III oenzimidazole derivatives, 
and would fit with the identification of IV as the cpiinoxaline 
(66). consequently it v/ould seem that II is the required dia­
zecine. however, o very definite conclusion about the formation 
of a 2,2'-"bridged biphenyl with a^ ten-membered bridging ring can 
be reached at the present [see, however, the following section].
Condensation betv/een oiphenvl-2.2'- dialdehyde and ethyl 5.4- 
di aminobenzoate
hthyl 3,4-diaminobenzoate was obtained according to the 
following syntheses:
rv/H.Ac N/H.Ac
> ÎT — >
(LO. «(LO^H
(66) (67) (68) (69) (?0)
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£-^ c^etanaiclo'benzoic acid (ô?) was prepared from p- ami no- 
benzoic acid (ôô) in 55% yield [Kitstert and Epstein, ühem>Zentr. 
1904, 1, 1587; E1.19q. lir. 151725 vom 7/4 1905,17/5 1904], and 
was then nitrated to give m-ni t ro-p-ac e t ami dob enzo i c acid (68) 
in 76^ u yield [Kaiser, her. , 1885, 1^, 2942].- fhe hydrolysis of 
acid (68) in ethanolic hydrochloric acid gave a mixture of ethyl 
m-nitro-p-aminobenzoate (69) and the corresponding acid. The 
ester (69) was obtained pure by fractional crystallisation from 
ethanol and had m.p. 181-133^ (6I/o yield). This nitro-ester was 
then reduced with stannous chloride in hydrochloric acid [ditstert 
and Epstein, loc.cit.] and ethyl 3,4-diaminobenzoate (70) was 
obtained in 30% yield.
The condensation between biphenyl-2,2^-dialdehyde and ethyl 
3,4-diaminobenzoate (70) was carried out in ethanol at room 
temperature. The first lot of yellow crystals were filtered off. 
These had crude m.p. 178^, and when crystallised from alcohol, 
had m.p. 214-215°. This yellow solid had an infrared spectrum  ^
[see Tig. 17] identical with that of the guinoxaline (71), (crude 
m.p. 197°) (mixed m.p. 214-216°) which had been prepared for 
comparison.
Ki N
120o
>>
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Vifhen the mother liquor was left to stand, fine needles m.p.
o
22 6  , v/ere obtained in 4 7 % yield. I'he analysis shov/ed that it 
was the desired product, 3’’-carbethoxy-5,10—dihydro-2,3:6,7:8,9' 
tribenzo-l,4-diazecine (72), which, on subsequent hydrolysis,
C H O  C H O
-f-
Ms N M
->
0 c Oto c
■>
(72)
HOC.
(73)
gave the corresponding acid (73). -^ 'hus if the condensation was 
done at room temperature, the corresponding quinoxaline was 
obtained as well as the desired product. however, condensation 
at 150^, in ethylene glycol, gave only one product, the diazecine 
(72) in 39^ yield.. i-t was felt that, this yield could be improveo 
and it seemed that the condensation reaction was best carried out 
at high temperature to avoid other by products. The infrared 
spectrum of the product, m.p. 226^, thought to be compound ^72) 
contained a strong G=h peak at 1613cm ^ , so there v/as no question 
of its being a oenzimidazole derivative.
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EXPEKlIviEhTAL
2.2 * -Di-( 1-hvdr ox7/-l-me thvle thvl )-biphenyl
ra
PreDation and attempted resolution 
ni-
2,8* -Pietro u ipheny 1
(Shaw and Turner, J.., 1933, 135)
p-Chloronitrobenzêne (I20g., 1 mol.) in a wide hard-glass 
tube was boiled in a metal-bath ( 2 6 0 - 2 6 5 ° ) .  Copper bronze 
(SOg. , 1 .6 5  atoms) was added in four lots during 20 rnin.,, the 
mixture being stirred with a stout thermometer after each 
addition, and keeping the temperature inside the tube at 250 °. 
After another 10 min. the reaction rnixtitre was extracted with an 
equal volume of boiling p-dichlorobenzene, filtered hot using a 
preheated Buchner funnel and thick pad of filter papers, and the 
residue carefully, washed with more p-dichlorobenzene. The 
total filtrate was treated with light petroleum (b.p.4 0 -6 0 ° )  
until it was faintly cloudy. The resulting fine precipitate of 
2,2*-dinitrobipheny1 was filtered off from the cooled solution 
and washed well with light petroleum. Yield 43—5 2 .5g., m.p.122° 
(5 4 -67 /ü ). This dark-coloured product was used as such. Alien 
crystallized from glacial acetic acid [Macrae & Tucker, J, 1933, 
1520] it gave pale yellow crystals, m.p. 1 2 4 ° . This preparation 
was repeated 7 times and 302g. of the product were obtained. 
[Littlejohn and Smith, J., 1954, 2552, gave m.p. 125.5° from 
light petroleum (b.p. 100-120°)].
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2,2*-Diaminob ipheny1
a. ^eduction with stannous chloride
[j/ Insole. Ph.D." Thesis, London, 1961 ]
2,2*-Dinitrobipheny1 (l2-2g., 1 mol.) was gradually added, 
with stirring, to the boiling mixture of stannous chloride 
(74.5g., 6,6 mois.) and concentrated hydrochloric acid (32.8g.,
18 mois.) over i hour. The heating was continued for another 
^ hour and the mixture allowed to cool. 60% solution of
caustic soda was added in excess, with stirring, and 2,2*- 
diaminobipheny1 separated out as an oil. This was extracted with 
eéther and washed well. After the ether had been distilled off, 
the remainder was distilled under reduced pressure and the 
diamino compound was obtained as a pale yellow solid. Yield 7.6g.
b.p. 172°/4.5mm.-182°/3.5mm. (81^). It was crystallized from
light petroleum (b.p. 60—80°) and had m.p. 80°. Altogether
124g. of the diamine were prepared by this method.
b. Catalytic hydrogenation
[Ro s s , Kahan and Leach, J., Amer.Chem.Soc., 1952, 'M, 4122]
The dinitro compound (12.2g., 1 mol.) was dissolved in a
mixture of 150c.c. ethylacetate and 50 c.c. absolute ethyl
alcohol and the solution shaken v/ith hydrogen in the presence of
0.29g. of platinum oxide (Adam s catalyst). The temperature
of the mixture was kept at about 75° and pressure at 501b./in.
After 15 hours the colour of the solution changed from pale green
to pale yellow. The solvent was removed on a water bath and the
residue crystallized from light petroleum (b.p.60-80°). Yield
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7.5g, (82%), m,p. 80°.
2,2*-Dibromobipheny1
[Schwechten, Ber.,1932, 65 B, 1605]
2,2*-Diaminobiphenyl was thtrazotised using concentrated 
sulphuric acid (7c.c., 2.5 mois.) and sodium nitrite (6.9 g.,
2 mois.) at 5-10°. Mercuric nitrate (33.4 g., 2 mois. ) was 
placed in 100 c.c. of water in a beaker and hydrobromic acid 
(56.7c.c., 4 mois) was added; a suspension of mercuric bromide 
was obtained. The tetrazotised solution was diluted and added to 
the mercuric bromide to give the yellov/ complex salt 
[O12HQN4][HgBr3]g which was washed with water by décantation and 
dried by washing with acetone. Yield of complex salt 53.5g. 
(98^ 6).
The complex salt was ground well with twice its weight 
of potassium bromide and the mixture v/as decomposed gradually in 
a two-necked flask maintained at 185° in a metal-bath; the 
mixture was added by means of a spatula through one neck which 
was provided v/i th a stopper; an air condenser was attached to 
the other neck. After the decomposition was complete the 
mixture was steam-distilled. Crude yield of the solid filtered
oliî, dilate,
from the filtrate was 11 g. This was crystallized from aqueous 
methyl alcohol, giving lOg. of 2,2*-dibromobiphenyl (64%), m.p. 
79.5°. This experiment was repeated 6 times and 42g. of this 
compound were obtained.
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2,2*-Di-iodobiDhenyl
LLotiiroiD, J.imer.Ohern.-8oc*. 1941, 03, 1187; Heaney, Heinekey, 
Mann and Millar, J. , 1958,, 5838. ]
solution of sodium nitrite (57g., 2.2 mols.J in water 
(l25c.c.) was added slowly, with mechanical stirring, to a 
solution of 2,2^-di ami nobiphenyl (47.5 g.,, 1 mol.) in hydro­
chloric acid (260c.c. of concentrated acia in 260 c.c. of water/, 
After another 15 mins.. a solution of potassium iodide (150g. ,
2 mois.) in water (250 c.c.) was added slowly. A thick black 
paste separated at once. The mixture was left to stand at room 
temperature for 3 hrs., then left overnight with an excess of 
Sodium bisulphite. The yellow-green solid of diphenylene 
iodonium iodide was filtered off, washed well with bisulphite 
solution, water, and then with cold methanol. Yield 76g. 
(72.5%), m.p. 182^decomp» [Lotlirop gave m.p. 205-210° as that 
of pure salt. ]
^iphenylene iodonium iodide was then heated in a round- 
bottomed flask in an oil-bath at 215-220° for 50 mins. The. 
residue was extracted with ether using a Soxhlet apparatus and 
the extract percolated through a short column of chromatographic 
alumina to remove coloured impurities not readily removed by 
charcoal* The solvent was removed and the residue crystallized 
from methylated spirit, giving pale yellow crystals of 2,2'- 
di-lodobiphenyl. Yield 35g. (60%), m.p. 109°.
126
8.8' -Pi (.1-h.ydroxyeth.Yl Tblphenyl 
[Heinekey & Millar, J., 1959, 3101}
'^he preparation of the lithium compound^and its subsequent 
reaction with acetaldehyde were performed under nitrogen, and the 
ether used was sodium-dried.
2,2'-fibromobiphenyl (llg., 1 mol.) in ether (200 c.c.) 
was added slowly to the lithium (2 g. , 4 mois.., wire form) 
covered with 300 c.c. ether, and stirred mechanically. The 
addition took 3 hrs. and the mixture was stirred for a further 
2 hrs. Freshly distilled acetaldehyde ^12c.c., 2 mois.) was 
added gradually to the reaction mixture. Pale yellow solid 
appeared at once. The reaction flask was immersed in a water- 
bath at 18° during the addition of the aldehyde. The stirring 
was continued for another ^ hour after the addition, and the 
reaction mixture was allowed to warm up to room temperature.
It was then poured onto crushed ice. Water,then dilute hydro­
chloric acid were added until two clear layers were obtained.
The aqueous layer was extracted with ether. The combined ethereal 
layer and extracts was washed with brine then a little water, 
and dried (sodium sulphate), Kther was removed and the residue 
was crystallized from benzene. Yield 0.76g. (lOÿb) m. p.144-146.5° 
[Hall, Ladbury, Lesslie and Turner, J., 1956, 3475 gave two forms. 
Diol A m.p. 147.5-149°; diol 3 m.p.153-155°. Mixed m.p. of 
diol obtained and diol A was 145-148°, while mixed m.p. of diol 
obtained and diol B was 127-132°.]
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The preparation of the lithium compound (Heinekey and 
Millar, loc. cit.) and its subsequent reaction with acetone were 
carried out under nitrogen.
2,2'-Dibromobiphenyl (5.5g., 1 mol.) in sodium-dried ether 
(100 c.c.) was added slowly to the lithium (1 g., 4 mois., wire 
form) covered with 15 c.c. sodium-dried ether and stirred 
mechanically. The addition was made during 1 hr. at such a rate 
that the mixture coiled gently. After another 2^ hrs. the 
solution of 2,2'-dilithiobiphenyl was decanted into a similar 
5-necked flask. a solution of acetone (2.9 c.c., 2 mois.) in 
sodium-dried ether was then added gradually. The mixture was 
heated for ^ hr. after the end of the addition, cooled, and then 
poured onto crushed ice. Water and d.ilute hydrochloric acid 
were added. The aqueous layer was extracted with ether. The 
combined, ethereal layer and extracts were washed with brine and 
then a little water, and dried (sodium sulphate). Ether was 
removed and the solid residue was separated from the liquid. 
Crystallization of the solid from light petroleum (b.p. 60-80°) 
gave 1.1 g. (23%) of 2,2*-di(l-hydroxy-l-methylethyl)biphenyl, 
m.p. 138-139° (^%11, Tiadbury, -^ esslie and Turner, J. , 1956, 3475, 
recorded m.p. 139-140°). The liquid residue was distilled 
under reduced pressure and gave some biphenyl (mixed m.p.).
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Dimethyl-2,2 ' -clj-phenate
[iiall, -‘-‘esslie and Turner, J. , 1950, 71l]
Diphenic acid (100 g .^  was dissolved in methyl alcohol
(1,000 g.) and concentrated sulphuric acid (54 c.c.) was added
gradually with shaking. The mixture was heated under reflux
for 6 hrs., then poured into a large volume of water, and stirred.
The solid obtained v/as filtered off from the cooled solution,
washed with sodium bicarbonate solution and then with water.
It was crystallized from methyl alcohol and gave 100 g. 190%)
of dimethyl diphenate, m.p. 70-71^.
2. .2 ^ -Pi-11 -hvdr oxv-1 -irie thvl e t hvl ) - b inhenvl 
(Cook and Turner, J., 1957, 117)
solution of methyl bromide (142.5 g., 6 mois.) in cold 
ether (50 c.c., sodium-dried) was added gradually to the 
magnesium turnings (.36.5g., 6 mois. ) which were covered with 
ether ( sodium-dried.). After a few drops of methyl bromide had 
been added the reaction flask was warmed by hand, but the reaction 
would not start. Some magnesium turnings were then activated by 
pouring neat methyl bromide onto them, and these were introduced 
into the reaction flask. The reaction soon started and became 
quite vigorous. The addition took 2-g hrs. solution of di­
methyl diphenate (68 g. , 1 mol.) in ether (600 c.c., sodium-dried) 
was then added to the Grignard reagent, with stirring. The 
reaction was fairly vigorous and the addition took 3^ hrs. The 
reaction mixture was then boiled for further 3 hrs., poured onto
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crushed ice and any solid formed was, dissolved by dilute
Hydrochloric acid. The aqueous layer was extracted with ether,
the combined ethereal layer and extracts v/as washed witn brine,
and then a little water, and dried (sodium sulphate). Ether v/as
removed and white crystals were obtained in the residue. These
were recrystallized from light petroleum (b.p. 60-80°) giving while
crystals, m.p. 139-141°; yield 34 g. (50%). A further yield
of ? g. (10%), m.p. 138-139°, was obtained from the mother liquor.
.2,7-Dihydro-2.2:7.7-tetramethvl-3.4i5.6-dibenzoxenin 
(Hall, Eadbury, lesslie and Turner, J., 1956, 3475)
2,2'-Di-(l-hydroxy-l-methylethyl)-biphenyl (2 g., 1 mol.) 
was suspended in 60 c.c. 4N-sulphuric acid and boiled under 
reflux for 1 hr. Some product collected in the condenser. This 
and the contents of the flask were extracted with ether, the 
ethereal solution was dried over potassium carbonate, and the 
ether removed. The residue was crystallized from ethanol, 
giving rhombic crystals m.p. 90-92°. After two more crystalliza­
tions from the same solvent it had m.p. 92-94°.
g-.7 ,7-Trimethyl-3.4:5.6-dibenzocvcloheota-1.3.5-triene 
[Hall, ^adbury, Aesslie and Turner, A., 1956, 3475]
A suspension of 2,2*-di-(l-hydroxy-l-methylethyl)-biphenyl 
in hydrobromic acid (d 1.49; 60 c.c.) was boiled under reflux
for 1 hr. The reaction was complete when all the solid had 
melted and oil then separated. The mixture was treated with hot 
v/ater. On cooling the oil solidified. It was crystallized from
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ethanol and had m.p. 97.5-98.5°. second crystallization from
the same solvent gave m.p. 99-100^. [Hall, ejt.al. gave m.p. 
100-101°].
Attempted optical activation of 2.2'-di-(1-hvdroxv-1-methvlethvl- 
hiphenyl
1.0018 G-. of the diol was dissolved in 20 c.c. of diethyl-
(+)-tartrate. It would not dissolve at room temperature. At
60° it gradually dissolved and a clear solution was obtained in
& hr. It was then left to stand in a water bath at 25° for 1 hr.
Ice-water was added with stirring and scratching, and v/hite
precipitate v/as ootained.. More ice-water was added until the
solution was clear. The solid was filtered and washed repeatedly
with ice-water and dried in vacuo. 0.8665 G. of solid was
obtained, m.p. 91-92°. Mixed m.p. with the oxepin (m.p. 92-94°)
was 89-92°, and the infra-red absorption spectrum v/as identical.
with that of the oxepin.
'%en another 1 g. of the diol was dissolved in diethyl—(+)-
tartrate at 100° and kept at 50° for 1 hr., similar results were
obtained. Both samples were found to be optically inactive when
examined polarimetrically at 6° in chloroform (&, 2. 0015)..
Attempted optical resolution of 2.2'-cli-(l-hydroxy-l-methvlethvl j- 
binhenvl by absorption on cellulose
4 G. of the diol were dissolved in 100 c.c. of chloroform and
put tiirough a column of cellulose. Fractions of 10 c.c. were
collected and examined polarimetrically. All were found to be
optically inactive. Diol was recovered from them.
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Attempt to acetvlate 2.2'-di-(l-hydroxy-l-methylethyl)-biphenvl 
2.7 G. (l mol.) of the diol were dissolved in 10 c.c. 
pyridine (dried over KOH) and 2 g. (2 mois./ of acetyl chloride 
were added. White solid appeared at first, then the reaction 
became vigorous giving yellow solid in a dark solution. When 
the solid was filtered it went soft on standing, so it was com­
bined with the filtrate and treated with dilute hydrochloric acid. 
Ethyl alcohol was added and a white solid was obtained on scratch­
ing. It had rn.p. 90-92 . Mixed m.p.. with the oxepin was also
90-98°.,
Attempted preparation of the hydrogen uhthalate of the diol
The diol (l.35g., 1 mol.) was dissolved in 10 c.c. of dried 
pyridine. The phthalic anhydride (0.74 g., 1 mol.) was dissolved 
in 5 c.c. of dried pyridine and added to the diol solution.. ho 
immediate reaction was observed. It was left to stand at room 
temperature for ^ hr., then heated on a water-bath for 1 hr. and 
poured into 200 c.c.. of dilute hydrochloric acid and stirred. A 
white precipitate was obtained. This was filtered off and washed 
with water. It was insoluble in cold sodium carbonate solution. 
When dried it had m.p. 85-124°; mixed m.p. with the oxepin 
85-122°. When crystallized from aqueous acetone it had m.p. 
87-130°. Further crystallization from aqifous alcohol and then 
aqueous acetone did not change its m.p.
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In a similar experiment using 2 mois, of phthalic anhydride 
(1.48 g. in 10 c.c. pyridine) a white solid m.p. 85-88° was ob­
tained. Crystallization from aqueous alcohol gave solid m.p.
91-93°, mixed m.p. with oxepin 81-87°. second crystallization
from aqueous alcohol gave solid m.p. 91-93° alone or when mixed 
with the oxepin.
i^ttempted preparation of the hydrogen nhthalate via potassium 
salt of the diol
The potassium (0.3 g., 1 mol.) was cut and weighed under 
sodium-dried xylene and covered with 100 c.c. of sodium-dried 
benzene in a 500 c.c. round-bottomed three-necked flask. The 
diol (2 g., 1 mol.J was added, under an atmosphere of nitrogen, 
to the vigorously stirred solution. When the initial reaction 
subsided, the flask was warmed and the potassium shavings became 
small pellets. The warming and stirring v/as continued for 14 
hrs. and no potassium pellets could be seen. However, t-butyl. 
alcohol was used to get rid of the last traces of potassium.
The mixture was then transferred, under nitrogen, to a solution 
of phthalic anhydride (l.l g., 1 mol.) in 100 c.c. dry benzene.
The resulting solution v/as clear. It v/as poured into ice and 
the two layers were separated. The benzene layer was washed with 
sodium carbonate solution (lO%), the washings were acidified with 
dilute hydrochloric acid and then extracted with ether. The 
extracts were dried over anhydrous sodium sulphate. When ether 
was distilled off the v/hite solid obtained had m.p. 201-212°
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(soft 180°). when crystallized from methanol it had m.p. 
197-201° with softening at 88°. second crystallization from
methanol gave flat prisms, m.p. 88-91°, as the first crop.
''hat remained in the mother liquor was found to oe phthalic acid 
by m.p. and mixed m.p.
Attempt to prepare the acetvl derivative of the diol via its 
potassium salt
The potassium salt was prepared as above, and the mixture 
was transferred into a solution of freshly distilled acetyl 
chloride (2.5g., 2 mois.) in 50 c.c. benzene. This also 
resulted in a clear solution which was poured into ice and the 
two clear layers were separated. The aqueous layer was found to 
be acidic (probably due to acetic acid). The benzene layer was 
washed with water until the v/ashings were free from acid, and 
dried (magnesium sulphate). The solid ootained after benzene 
had been removed had m.p. 82-88°. Crystallization from alcohol 
gave a white solid, m.p. 87-90°. Mixed m.p. with the oxepin was 
82-90°. À second crystallization from the same solvent gave 
solid m.p. 89-92° and mixed m.p. with the oxepin was 87-92°. It 
was confirmed as the oxepin by its infrared absorption spectrum.
134
2.2'-Bia(triphenrvI-Qhospiioniorriethyl)biphenyl DibrQiai.de 
Preparation and use in the Wittig Reaction
2.2' -Bi shydroxyrrie thylh iphenyl
[Hall, -^ esslie and Turner, , 1950, 711 ]
A solution of dimethyl diphenate (38 g. , 1 mol..) in
sodium-dried ether (350 c.c.) was added to lithium aluminium
hydride (8.5g., 1.6 mois.) in sodium-dried ether (300 c.c./,
with stirring, at such a rate that the ether boiled gently under
reflux. Water, then dilute sulphuric acid ( < 211) were added
until two clear layers were obtained. Ether was then removed
on a water bath and the white solid obtained in the aqueous
layer was filtered off and dried. Crude yield 33 g. It was
crystallised from benzene. Yield 29 g. (95%), m.p. 112-113°.
Altogether 73 g. of the diol were prepared by this method.
2,2'-Eisb romome thvlb inhenvl
[Hall, lesslie, and Turner, J., 1950,711]
2,2'-Hishydroxymethylbiphenyl (l5 g., 1 mol.) was added to 
hydrobromic acid (48-50Jb, 750 c.c.) at 90°, and the mixture was 
boiled for 20 min. When cooled, the solid was filtered off, 
washed with water, and dried. Crude yfeld 22g. “^hen crystallised 
from light petroleum (b.p. 60-80°), with addition of charcoal, 
it had m.p. 89-90.5°. Yield 21 g. (88%). Altogether 145g. of 
2,2'-bisbromomethylbiphenyl were prepared.
2^2 '.-B1 s( tri Phenyl phogphogii omet hvl )b i nhenvl Dibr omi de
(l) In cold benzene.
2,2'-Bisbromomethy lb iphenyl (3.4 g., 1 mol.) in 30 c.c. dry
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benzene, and triphenylphosphine (5.24 g. 2 mois.) in 15 c.c. dry 
benzene were mixed at room temperature, and stirred together in 
a flask provided with a drying tube (calcium chloride). After 
one day, 1.79 g. of solid, m.p. 238°, was filtered off. The 
filtrate, when stirred for two more days, gave 3.02 g. of solid 
m.p. 238°. These two lots, when purified oy dissolving in 
chloroform and precipitating with ether, again had m.p. 238°.
•^ he infrared spectrum showed a weak, broad band at 604cm’"^
[C-Br absorption frequency: 600-500 cm” ,^ Bellamy, The Infrared
spectra of Complex Molecules, London, Methuen œ Co., Ltd., 1958], 
and its empirical formula is CggHggPBr^. The empirical formula 
for the mo no phosphonium salt is C^ gHg^^pBp^. However, from the 
evidence of the infrared spectrum (G-Br absorption frequency in 
2,2'-bisbromomethylbiphenyl is 600 cm )^ and the product of the 
subsequent reaction on it, it was concluded that this solid, 
m.p. 238°, was 2-bromomethyl-2*-triphenylphosphoniomethylbiphenyl 
bromide.
(2) In boiling benzene.
2,2'-BisbromomethyIbiphenyl (3.4g., 1 mol.) and triphenyl- 
phosphine (7 g., 2.67 mois.) were heated under reflux in dry 
benzene (175 c.c.) for 10 days. The solid was filtered off, 
washed well with benzene and light petroleum (b.p. 40-60°), and 
dried. Crude yield 8.75g. , m.p. 277—280°. V^ /hen crystallised 
from a mixture of alcohol and ether, it had m.p. 277-280°. A
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second crystallisation from a mixture of alcohol and ethyl 
acetate gave solid m.p. 295-298°. It was later crystallised 
repeatedly from this mixture of solvent until the m.p. was 
constant at 323-326°.
(3) In boiling xylene.
2,2'-Bisbromomethylbiphenyl (34 g., 1 mol.) and triphenyl- 
phosphine (70 g., 2.67 mois.) were dissolved separately in 
sodium-dried xylene, and the two clear solutions were mixed and 
heated, with stirring, so that the xylene boiled gently under 
reflux. The total volume of xylene was. 1200 c.c. After 140 
hrs. of continuous heating and stirring, white solid was filtered 
off, washed well with benzene and light petroleum (b.p. 40-60°) 
and dried. Crude yield 90 g.., m.p. 274-280°. Crystallisation 
from a mixture of ethyl alcohol and ethyl acetate gave the 
dibromide (?0g., 81%), m.p. 323-326°. [Found; G,66.1;
Br, 17.4; P,6.8. 8HgO requiree 0, 66.7; H, 5.15;
Br, 17.7; P,6.,9%. In a separate gravimetric analysis: Br, 17.7ÿo]
Altogether 124 g. of the phosphonium dibromide were prepared by 
this method. Heating for a shorter period, e.g. 24 hrs., gave 
impure product, m.p. 238°, which required several crystallisations 
and therefore was obtained in smaller yield.
2.2'-Bis(trinhenvlnhosuhoniomethvl)binhenvl Dinicrate
The corresponding dibromide was dissolved in hot water and 
mixed with 2 equivalents of hot aqueous sodium picrate solution.
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Yellow precipitate was at once obtained, m.p. 206-207°. ter
two crystallisations from squeous alcohol it had m.p. 209-210°. 
[Found: 0,64.3; H, 4.3; N, 7.6; P, 5.4. GggH^gPgNgO^^
requires C, 64.1; II, 4.0; N, 7.2; P,5.3%].
2.2'-Bis(triphenylphosptioniometnyl)biphenyl juicamphorsulohonate 
'•^'he corresponding dibromide was dissolved in v/arm ethanol 
and 8i 1 ver-d-camphorsulphonate was dissolved in warm v/ater, and 
the two solutions were mixed with stirring. Silver bromide came 
down at once and the mixture was boiled gently until the super­
natant liquid was clear. The precipitate was filtered off and 
the filtrate was evaporated to dryness on a water-bath. The 
residue v/as soluble in alcohol, ethyl acetate, and water, but. 
when washed with ether a white solid was obtained, m.p. 70° 
(decomp.). [Found: C, 69.2; H, 6.1; P, 4.9; S, 5.1. 
"^y^HygOgPgSg, 3HgO required 0, 68.8; H, 6.4; P, 5.1; 8, 5.25%]. 
The dieamphorsulphonate showed no mutarotation in 95% ethanol 
at room temperature, the first reading being taken 1^ min. after
wetting v/ith solvent, [o(] + 21.5° lo, 0.500).
Use -Of 2 .2' -bisl trinhenvlnhosphoniomethvl )binhenvl dibromide in 
the Wittie reaction
•Reaction with acetone
1. Using solid m.p. 238° (subsequently found to be mainly the
monophosphonium bromide) in alcoholic sodium ethoxide in the cold.
The phosphonium salt (0.867 g.) was dissolved in alcohol
(6 c.c.) and the solution was added to the sodium ethoxide (0.08g.,
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sodium in 6 c.c. alcohol). After 10 min. sodium bromide 
started to come down. Acetone (l c.c.) was then added, the 
reaction flask was stoppered and left to stand for 3 days.
Alcohol was allowed to evaporate and water was added to the 
residue to dissolve sodium bromide. The organic material was 
extracted with ether, and the extract was washed and dried.
When ether was removed the residue was digested with light 
petroleum (b.p. 40-60°) and filtered. Light petroleum was 
removed from the filtrate and the residue (0.208 g.) was 
crystallised from aqueous alcohol and then had m.p. 95°. -^ 'hree 
successive crystallisations from the same solvent raised the 
m.p. to 97.5 - 98°. This solid was found to be phenanthrene 
by its infrared and ultraviolet absorption spectra; mixed m.p. 
with pure specimen (m.p. 99°) v/as 98-99°. [Found: 0,93.8;
H, 6.2. Calculated for C, 94.35; n, 5.65%].
2. Using solid m.p. 238° in boiling alcoholic sodium ethoxide.
The quantities of the phosphonium salt, sodium ethoxide 
and acetone were the same as in the above experiment. The 
mixture v/as left to stand for 2 days, and was then heated under 
reflux, v/ith more acetone, for 17 hrs. and then left overnight. 
Alcohol was removed, water was added and the mixture v/as extracted 
with ether. On distilling the dried ethereal extract a yellow 
liquid (b.p. 66-76°/4m.m.) and a solid (b.p. 156-166°/3.5m.m.)
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were obtained. The solid was crystallised twice from aqueous 
alcohol and had m.p. 97-98°; its infrared absorption spectrum 
was identical with that of phenanthrene. infrared
absorption spectrum of the liquid showed a conjugated carbonyl 
peak at 1895 cm 'The liquid decolourised bromine water.
3. Using solid m.p. 278° (subsequently found to be a 
mixture of the monophosphonium and diphosphonium bromide) in 
boiling alcoholic sodium ethoxide.
The phosphonium salt (2.88g.) in alcohol (30 c.c.) was 
added to the sodium ethoxide (0.15 g. sodium in 50 c.c. alcohol) 
and dried acetone (5 c.c.), and the mixture was heated under 
reflux for 4 days. The alcohol was distilled off, water was 
added, and the organic material was extracted with ether. The 
dried ethereal extract was distilled, and a pale yellow liquid,
b.p. 114°/6 m.rn. 5 was obtained. a darker liquid in the
distilling flask would not distil at 200°/6m.m. The distillate
obtained, 0.881g. , v/as unsaturated (bromine water). Its infra­
red absorption spectrum showed a conjugated 0 = 0  peak at 
1698 cm a very strong peak at 1667 cm 0 = 0  conjugated with 
aromatic ring at 1634 cm~^, aromatic 0 = 0 at 1575, 1477, and 
1451 cm ^, c. two strong peaks at 1435 and 1379 cm” ,^ medium
peaks at 1299 and 1247 cm"^, weak peaks at 1176 and 1140 cm"^, a
biphenyl peak at 1008 cm ^, weak peaks at 900.9 and 887.6 cm 
and aromatic substitution peaks at *755 and 730 cm*"^  (disubstituted).
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Its empirical formula was ^£9^34^2*'
■^ his yellow liquid was hydrogenated at room temperature
f.
with platinum oxide as catalyst, for 3 hrs. The carbonyl 
frequency of the product shifted to a higher value (1704 cm 
shov/ing that the 0 = 0 group was no longer in conjugation and the 
double bond must be saturated. The biphenyl and the substitution 
peaks v/ere still present. The infrared spectrum of the product 
did not change when it was hydrogenated for a further 5 hrs. 
Aeac-tlon with benzaldehvde
1.. In boiling alcoholic sodium ethoxide.
The phosphonium dibromide (m.p. 323°) in alcohol (4.5 g.,
1 mol. in 50 c.c.) was added to the sodium ethoxide (0.46 g. 
sodium, 4 mois., in 50 c.c. alcohol) and freshly distilled 
benzaldehyde (21g. , 4 mois.,). The mixture was heated under 
reflux for 19 hrs. A tarry substance clung to the side of the 
reaction flask below the liquid surface. Alcohol was distilled 
off, v/ater was added and the whole extracted with ether. The 
tarry substance did not go up in either the aqueous or ethereal 
layer. Ether was removed from the dried extract and the dark 
red residue (8.296 g. ) v/as dissolved in 250 c.c. benzene and put 
through a column of silica-gel. It was eluted with a mixture of 
benzene and 10%, 20, 40, 60 and 80% methyl alcohol respectively, 
and finally 100% methyl alcohol. Only brown viscous substances 
v/ere obtained in all fractions.
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2. In ethereal phenyl-lithium.
The freshly distilled hromohenzene (3.1 c.c., 4 mois.) 
was added gradually to the finely cut lithium (0.9 g., 8 mois.) 
in sodium-dried ether (50 c.c.) contained in a 3-necked flask in 
an atmosphere of nitrogen. 'The mixture was stirred mechanically. 
At the end all lithium was dissolved. The finely powdered 
phosphonium dibr omi de (12.97 g., 1 mol.) was added to the phenyl 
lithium in solid form. 'The mixture turned orange-red and the 
stirring was continued for 10 min. after the end of the addition 
of the dibromide. The freshly distilled benzaldehyde (5 c.c., 
in excess of 4 mois.) was added gradually and the mixture was 
kept stirring for 4-^  hrs. during which time the mixture gradually 
went paler and was colourless in the end. Some ice v/as then 
added but there was no vigorous reaction so water was used. a 
white solid between the aqueous and ethereal layers was filtered 
off, dried ana had m.p. 296-299°. Its infrared absorption 
spectrum was identical with that of the starting material, and 
the weight recovered was 10 g. (78%). ’-^ he ethereal extract of the
filtrate contained benzaldehyde.
3. In ethereal n-butyl-lithium.
n-Butyl chloride was prepared [Org. Syn. boll. Vol. 1, 142] 
in the fume cupboard. The sticks of zinc chloride (41 g., 2mols.) 
v/ere crushed and placed in a 250 c.c. flask and concentrated 
hydrochloric acid 130 c.c., 2 mois.) v/as added quickly. The
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flask was lightly stoppered and cooled under the tap to prevent 
loss of hydrogen chloride.. It was gently shaken until all the 
zinc chloride had dissolved. n-Butyl alcohol (15 c.c., 1 mol.) 
was added to this solution; the flask was attached to a vertical 
double-surfaced condenser at the top of which there were a 
thermometer and an outlet to a downward condenser. To this 
latter end was attached a 2-necked 250 c.c. flask connected to a 
100 c.c. flask via an adaptor carrying a calcium chloride tube. 
The first receiving flask was cooled in an ice-bath. The 
reaction flask was heated in an oil-bath at 150°; the solution 
started to boil at 120° and n-butyl chloride began to distil.
The temperature in the first condenser was controlled at 75-80°, 
by slow stream of v/ater (only half-condenser full of water v/as 
needed). The reaction took 1-^  hr. and n-butyl chloride was 
collected in the first receiver only. The reaction was finished 
when no more oily drops could be seen in the reaction flask.
The distillate was washed with cold water, cold concentrated 
sulphuric acid, water, and finally 10% sodium carbonate solution, 
and was dried over calcium chloride. It was then distilled and 
the fraction boiling at 75.5-77.5° was collected. Yield 11 g.
(79%).
The lithium (0.84g., 8 mois.) was pressed into a wire form 
and cut straight into the 5-necked reaction flask previously 
flushed out with oxygen-free nigrogen and containing sodium-dried
143
ether (lOO c.c.). n-Butyl chloride (5.55 g. , 4 mois.) was then 
added gradually through the dropping funnel and the reaction 
was stirred mechanically. When once the reaction had started, 
the chloride was added as fast as refluxing permitted. The 
addition took ^ hr. and the mixture was heated for another ^ hr. 
There was some lithium left in the flask so the n-butyl-lithium 
was decanted through a bent tube carrying some glass wool into a 
similar reaction flask, under the atmosphere of nitrogen.
The phosphonium dibr omi de (13.5 g., 1 mol.) was ground and 
added to the butyl-1ithium in small portions, occasionally being 
v/ashed down with ether. The reaction proceeded smoothly and an
orange-red solid resulted soon afterwards. The stirring was 
continued after the end of the addition until heat of reaction 
subsided. The freshly distilled benzaldehyde (3.2g., 2 mois.) 
was then added gradually and heat of reaction was observed. '**hen 
this subsided the mixture was stirred and heated for 2^ hrs. and 
the colour changed to very pale yellow. The solid part 
(triphenylphosphine oxide formed an ether-insoluble complex with 
lithium bromide. See V^ ittig and Schëllkopf, Shem. Ber., 1954, 
1318) was filtered off and washed well with ether. Ether was 
removed from the filtrate and the solid obtained was digested 
with a minimum amount of ethanol. Pale yellow solid (1.54 g.) 
was obtained. This was crystallised from n-hexane with addition
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of charcoal giving 2,2'-distyr5^ iphenyl. First crop 0.75 g., 
m.p. 123°. [Found: 0, 93.9; h, 6.4; ^28^22 ^^ QP-^ e^s G, 93.8;
H, 6.2%]. Second crop .^.234 g. , m.p. 119°; when recrystallised 
from light petroleum (h.p. 60-80°) it had m.p. 147°. [Found: 
0,93.4; H, 6.3. ^28^22 acquires 0, 93.8; H, 6.2%]. Mixed
m.p. with the first crop was 145-146°. Total yield of these 
crops was 22%.
"hen the experiment was repeated on the same scale, the 
first two crops obtained from n-hexane had m.p. 144-146°
(0.315g. and 0.181g. giving a combined yield of 15%), and there 
was no low melting product. Both crops were unsaturated to 
tetranitromethane.
To investigate these melting points the following experiments 
v/ere carried out:
(a) The low melting product (123°) was dissolved in 
n-hexane and seeded with the high melting one (147°). The 
resulting crystals had m.p. 146-147°.
(b) The high melting product was dissolved in n-hexane and 
seeded with the low melting one. The resulting crystals had 
m.p. 147-148°.
(c) The low melting product was recrystallised from n-hexane 
and had m.p. 146-147°.
(d) The melting point of the low melting one, taken one 
month later, was found to be 146-147.5°.
145
The infrared absorption spectra of tne low melting 
product obtained immediately after m.p. determination, of the 
high melting product, and that of the low melting product on 
standing, are all identical.
4. Catalytic hydi'ogenation of 2,2*-distyrylbiphenyl.
0.7133 G. of the unsaturated hydrocarbon was dissolved in 
150 c.c. ethyl acetate, and 0.1324 g. of platinum oxide catalyst 
was added. The mixture was hydrogenated at room temperature,
65 Ihs./in? pressure, for 5^ hrs. After being left to stand 
overnight, the mixture still gave a slight yellow coloration 
with tetranitromethane solution. So the mixture was filtered, 
the catalyst was washed with ethyl acetate, and the filtrate 
v/as put back into the reaction flask together v/ith a fresh lot of 
catalyst (0.1836 g.). This mixture v/as hydrogenated for 7 hrs. 
under the same temperature and pressure. The solution was 
filtered and the filtrate gave a negative test with tetranitro­
me thane. Ethyl acetate was then removed and pale yellow liquid 
of 2,2*-diphenethylbiphenyl (O.6002 g., 92.5%) was obtained.
[Found: G, 98.4; H, 7.7, Cggllgg requires G, 98.8; H, 7.8^ i].
The infrared absorption spectrum showed the GHg peaks at 2915,
—12849 and 1449 cm , no unsaturation peaks, the biphenyl peak at 
1008 cm  ^and the aromatic substitution peaks at 754.3 and 695.5cnT^  
The ultra-violet absorption spectrum in cyclohexane showed 
^ max 300, £ inax^^OO.
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As this product had not been distilled the experiment was 
repeated using 0.6058 g. of the unsaturated hydrocarbon, 150 c.c. 
ethyl acetate, 0.314 g. of the catalyst, 60 Ids./in, pressure, 
room temperature, and 21^ hrs. time. Ethyl acetate was distilled 
from the filtrate at ordinary pressure, the remainder was dis­
tilled under reduced pressure, h.p. 45°/38m.m. - 55°/34m.m.
The analysis and the infrared spectrum showed that the benzene 
rings in the 2,2*-chains had also been hydrogenated to give 2,2*- 
bis(-cyclohexylethyl)-biphenyl. [Found: 0,88.85; H, 10.1.
^28^38 ^^WTres C, 89.7; H, 10.2%].. The infrared spectrum 
showed the OH^ peaks at 2907, 2841 and 1445cm the biphenyl 
peak at 1006cm  ^and the aromatic substitution peak at 749.7cm"^
r __q
only. The 2000-1660cm region gave a different pattern from 
that of the previous product (2,2*-diphenethylbiphenyl) and the 
aromatic C = G peaks at 1597 and 3018cm"^ were also weaker in 
intensity. It was then concluded that during the extra 9 hrs. 
the benzene rings at the end of the chain had been hydrogenated. 
Reaction with acetaldehyde
The n-butyl-lithium was prepared on the same scale as 
described above. The phosphonium dibromide (13.5 g.) was then 
added and a bright red solution resulted as before. After about 
1 hr. freshly distilled acetaldehyde (5 c.c., in excess of 2 mois.) 
were added and a yellow solution was obtained. Heat was then
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applied but the colour did not go paler as in previous experiments* 
■^ his yellow solid was filtered off and the filtrate was treated 
with a saturated solution of sodium bisulphite to remove any 
excess of aldehyde. The residue from ethereal extract was un­
saturated to tetranitromethane. ^hls was dissolved in 35 c.c. 
of benzene and put through a column of silica-gel, and eluted 
with light petroleum lb.p. 40-80°), followed by 1:1 mixture of 
methanol and light petroleum, and finally methanol. Three 
fractions of jcllow liquid v/ere collected, the last one being 
very viscous.
■^ he first fraction (0.242 g. ) was unsaturated to tetra­
nitromethane and its infrared absorption spectrum showed the 
phenyl conjugated 0 = 0  peak at 1592 cm"^, OH = OH at 1357,
693 and 962 cm ^, all of which disappeared on hydrogenation.
The biphenyl (1005 cm )^ and aromatic suostitution (750cm"^) 
peaks were present both before and after the hydrogenation.
The hydi’ogenation was carried out in presence of platinum oxide
p
catalyst for 8 hrs. at room temperature and 70 lbs./in, pressure. 
The infrared absorption spectrum of the hydrogenated product 
[Found: 85.3; H, 10.2. requires 0, 90.7; H, 9.3%],
was compared with that of 2-propylbiphenyl [API research Project 
44, Serial number 2094].
The yellow solid filtered off at the beginning was insoluble 
in water and dilute acid. Aith benzene, a yellow solution could
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be decanted off, and when benzene was, removed, yellow needles 
(l.3g., m.p. 120-130°) remained. attempts were made to 
crystallise it from various solvents, and from aqueous alcohol 
long white needles (0.5g., m.p. 155-155.5°) of triphenylphosphine 
oxide were obtained (mixed m.p. with genuine specimen 153°).
The rest remained yellow gum.
Yellow solid, remained after decanting benzene solution off, 
had m.p. 200-250°.
Enaction .with cvclohexanone
The n-butyl-lithium was prepared from n-butyl-chloride 
(7.4 g., 4 mois.) and lithium (l.l2g., 8 mois.) as previously 
described. The phosphonium dibromide (l8 g., 1 mol.) was 
added -g hr. after the end of addition of n-butyl-chloride. 
Orange-red mixture resulted immediately. ^fter f hr. cyclo- 
hexanone l4 g., 2 mois.) were added all at once and the mixture 
warmed up slightly but the red colour was still present. ^o 
heat v/as applied and after ^ hr. the mixture turned yellow. 
Btirring and heating were continued for 13 hrs. and the mixture 
was then filtered. The solid obtained was decomposed with water 
and the solution extracted with ether. white solid (10.6 g., 
60%), m.p. 270°, insoluble in both solvents, gave an infrared 
spectrum identical with that of the starting dibromide. The 
ethereal extract gave 3 g. (26%) of solid m.p. 135-140°, mixed 
m.p. with- triphenylphosphine oxide 145-150°, and its infrared 
absorption spectrum was identical with that of PhjPO.
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The filtrate, after removal of ether, gave pale yellow 
liquid v/hich, on distillation, gave cyclohexaiione (identified by 
its infrared spectrum) and a colourless liquid (h.p. of fraction 
90-100°/4m.m.) the infrared spectrum of which showed that it 
contained a carbonyl group (l698 cm” )^, CHg groups (1443, 2921 
and 2865 cm ^). There was nothing in the regions 1660 and 
800-650 cm  ^to indicate an aromatic substance. The residue of 
these tv/o fractions could not be distilled and v/as then chromato­
graphed on a silica-gel column in benzene, and eluted with 3:2 
mixture benzene:methanol, methanol and finally light petroleum 
(b.p. 40-60°). *^ hree fractions were collected. The first one, 
0.121g., v/as a pale yellow, viscous liquid, unsaturated to 
tetranitromethane. Its infrared absorption spectrum showed two
very strong bands at 1597 (phenyl, conjugated 0 = 0 )  and 1357 cm  ^
(probaoly Gil = GH, as in reaction with acetaldehyde), and a 
doublet at 2907 and 2841 cm"^ (GH^ stretching). There were two
medium bands at 1400 and 770 cm"^, and tv/o weak ones at 746 and 
-1
718 cm . hydrogénation of this fraction gave a product with 
rather poor infrared spectrum in 2000-650 cm"^ region, containing 
weak bands at 1706, 1447, 1376, 1120 and 747 cm"^; the two 
medium peaks at 2912 and 2849 cm"^ were similar to those of the 
unsaturated material.
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Preparation of S.S'-Bisftri^henylDhosDhoniometh#!)- 
ô-nitrobinhenvl Dibromide
4-Nitronhenanthraauinone
[BchiTiidt and Spoun, Ber. . 1922, 1194].
Phenanthraquinone (60g., 1 mol.) was nitrated in two 
batches by boiling with concentrated nitric acid (d. 1.42
g./c.c., 1800 c.c.) for twenty minutes. The cooled 
reaction mixture was poured into about 5 litres of ice- 
water. The product was filtered off, washed with water, 
dried in air, and boiled with 1 litre alcohol. The 
insoluble 2-nitrophenanthraquinone was filtered off 
(crude yield 33g., 47%). The filtrate was concentrated 
to about 400 c.c. and allowed to cool. The 4-nitro- 
phenant hr a qu i no ne crystallised out; yield 20.8g. {29%) 
m.p. 170-173^. It was recrystallised from glacial acetic 
acid; yield 16.4 g. (24.5^) m.p. 173-174^. (_ lit. m.p. 
176-177^). Altogether 51g. of pure 4-nitrophenanthra- 
quinone were prepared by this method.
6-Nitrodi'ohenic acid
[Schmidt and K&npf, Ber. . 1903, 36, 3734J.
[Modified according to Moore and Huntress, J. Amer. Ghem. 
Soc. , 1927, 1328].
4-Nitrophenanthraquinone (l2g.., 1 mol.) was boiled 
under reflux for 1 hour with an aqueous solution of 
potassium bichromate (33g., 2.36 mois, in 456 c.c. water)
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and concentrated sulphuric acid (30.c.c.). The reaction 
mixture was cooled, the product was filtered off and 
washed well with water. It was purified by dissolving 
in dilute ammonium hydroxide, filtering and acidifying 
with dilute sulphuric acid. The 6-nitrodiphenic acid 
crystallised from the hot acid solution. It was re­
crystallised from aqueous alcohol as white plates,, m.p. 
252-255°, (lit. m.p. 248-250°) yield 9.5g., 71%. Altogether 
45g. of 6-nitrodiphenic acid were prepared.
6-hitrodi'ohenovl dichloride
[Bell and Robinson, J., 1927, 1695].
6-Nitrodiphenic acid (l6g.,_ 1 mol.) was covered with 
thionyl chloride (40 c.c., 65.6g., 10 mois.) and the 
mixture was heated under reflux for 72 hours. Excess of 
thionyl chloride was removed by distillation under reduced 
pressure under dry nitrogen. When most of the liquid had 
been removed, the residue was transferred to an evaporating 
dish and placed in a vacuum desiccator over potassium 
hydroxide until it went solid. Yield 20g., m.p. 75-78°.
This crude product was used as such. Altogether 41g. of 
the acid chloride were prepared.
2 .2 *-Bishvdroxvmethvl-ô-nitrobiuhenvl 
[T.M.Poole, Ph.D. Thesis, London, 1963].
Lithium borohydride (5g., 3.65 mois.) was dissolved 
at -10° in 300 c.c. sodium-di^ied ether, with stirring.
1 5 2
under an atmosphere of nitrogen and then allowed to warm 
up to room temperature. The corresponding acid chloride 
(l3g., 1 mol.) was added in solid form such that the 
temperature did not go above 27°. The reaction mixture 
was stirred for 1 hour, and hydrolysed with 50 c.c. 
water and 25 c.c. dilute hydrochloric acid. The ethereal 
layer v/as separated, and washed with 10% sodium hydroxide 
solution to remove any unreacted acid chloride, then 
with water, and was filtered through decolorising 
charcoal contained in a sintered glass crucible. Most 
of the ether was then distilled off and the residue dried 
on the water-bath. The yellow liquid obtained was covered 
with benzene and allowed to stand overnight. À solid 
m.p. 80° was obtained. Crude yield 8.8g. It was 
crystallised from benzene. Yield 7g., m.p. 85-87°. 
Altogether 20g. of the diol were obtained by this method. 
2.2*-Bisbromomethvl-ô-nitrobinhenvl 
[T. M. Poole, Ph.D. Thesis, London, 1963].
The corresponding diol (l0.6g., 1 mol.) was added to 
hydrobromic acid (48-50%, 500 c.c.) at 90°, and the 
mixture was boiled for 20 minutes. On cooling a solid 
was obtained. This was filtered off, washed with water 
and dried. Crude yield 15g. It was crystallised from 
light petroleum (b.p. 60-80°) with charcoal. First crop 
8.51g., m.p. 102-103°. Second crop 1.85g., m.p. 95-97°.
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Third crop 0.8g., m.p. 95°. Total yield 11.2g. (70%).
2.2 *-Bis(triohenylDhosphoniomethyD-6-nitrooi ohenvl dibromide
a. With solvent. using a heating mantle.
2,2*-hisbromomethyl-ô-nitrobiphenyl (Ig., 1 mol.) and 
triphenylphosphine (2g., 2.67 mois) were dissolved 
separately in 50c.c. sodium-dried xylene, and the solutions 
were stirred mechanically in a 250 c.c., 3-necked, 
round-bottomed flask. Heat was then applied such that 
the solvent refluxed genfcly. In the first half hour the 
clear, pale yellow mixture began to go cloudy. It then 
changed to light, reddish brown in the second half hour. 
After another hour of heating and stirring the brown 
colour had collected as a mass at the bottom of the flask 
and the rest of the solution was quite clear. After 24 
hours the brown mass consisting of fine solid and also 
sticky substance was filtered off. It was crystallised 
to a constant m.p. from a mixture of ethyl alcohol and 
ethyl acetate. Yield 0.83g. (iCP/o), m.p. 218°. [Found;
G, 62.8; H, 5.0; Br, 16.5; P, 5.8. G6o % H ^ 8™ 8^8'
3HgO requires C, 62.3; H, 4.9; Br, 16.6; P, 6.45b]
h. With solvent. using an oil-hath (controlled 
temperature).
8,8'-Bis'bromomethyl-6-nitrohiphenyl(8g., 1 mol.,) and 
triphenylphosphine (4g., 8.67 mois.) were dissolved
separately in 50 c.c. sodium-dried xylene and then mixed
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in a 250 c.c. round-bottomed flask provided with a 
condenser and a calcium chloride tube. The reaction flask 
was then heated up slov/ly in an oi 1-bath and then the 
temperature was kept constantly at 140°, with occasional 
shaicing. After 2 hours the brown mass lining the bottom 
of the flask appeared solid, so the clear solution was 
decanted off and the solid washed well with dry xylene.
Crude yield 3.4 g. The filtrate on heating for another 
8 hours gave 0.53 g. of the brown solid.
The first crude solid was crystallised from a mixture 
of ethyl alcohol and ether. First crop 0.8 g., m.p. 195°. 
Second crop 0.94 g. , m.p. 165° (Soft 155°).. The remainder 
was brown gum and could not be crystallised. The first 
crop was then recrystallised from acetone giving 0.= 54 g. 
of cream-coloured phosphonium dibromide, m.p.. 256..5-257°
(11%) [Found: C, 63.3; H, 5.0; Br, 16.4; P, 6.0.
^80^41 requires C, 63.4; H, 5.1;
Br, 15.9; P, 6.2 %] üifhen the second crop was recrystallised 
from acetone it gave 0.7 g. of 2-bromomethyl-2*-triphenyl- 
phosphomio-methyl-6-nitrobiphenyl bromide, m..p. 157-160° 
[Found: C, 58.5; H, 4.3;,Br, 23.4; P, 4.0. GggHg^BrgNO^P,^HgO 
requires G, 58.5; H, 4.2; Br, 24.3; P, 4.7 %], i.e. the 
monophosphonium salt.
c. Without solvent. from the bisbromomethyl compound.
H  o r n & r  c\v\d -, ^
[adapted from method by Hauser,—Brooks,—Miles, Raymond
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ButHre-r ,- J-r-Qpfiu -Chem?- 4- 1063, 28, -ë % ].
2,2*-Bis'bromomethyl-6-nitPo'biphenyl (2.5 g., 1 mol.) 
and triphenylphosphine (ô g., 2.67 mois ) were ground 
together in a mortar and then placed in a 100 c.c. bolt- 
head flask which was then heated in a previously heated 
oil-hath, the temperature of which was 190°. Vi/hen the 
powdered mixture began to melt it was stirred with a 
glass rod until a hard mass was formed. After 5 minutes 
it was cooled, washed well (in a mortar) with xylene and 
filtered. Crude yield 6.5 g., m.p. 190°. It was then 
crystallised from acetone. Yield 4.4 g. (68%), m.p. 260°.
d. Without solvent, from the monophosphonium salt, 
[adapted from method by Mondon, Annalen, 1957, 603, 115].
2-3romomethyl-2*-triphenylphosphoniomethyl-O-nitro- 
biphenyl bromide (0.9 g., 1 mol.) and triphenylphosphine 
(0.4 g., 1 mol.) were mixed and powdered together and then 
heated in a bolt-head flask in a previously heated oil-bath 
(200°) for 1 hour. The dark brown mass was cooled, 
dissolved in warm chloroform and passed through an alumina 
column. Ether was added to the collected fraction until 
the solution was cloudy. It was then cooled in ice and 
0.22 g. of solid was obtained (17%), m.p.. 250°.
Silver-(+)-camuhorsuluhonate
Freshly prepared silver oxide (1.2 mois.) was added 
to an aqueous solution of (+)-camphorsulphonic acid (l mol.)
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and kept warm for half an hour. The excess of silver 
oxide was filtered off, and the filtrate evaporated to 
dryness in a water-hath. The residue was dissolved in 
a minimum amount of hot distilled water and filtered to 
remove any precipitate of silver. The filtrate was 
evaporated to dryness again and used as such.
2.2*-Bis(trinhenvlnhosuhoniomethvl)-6-nitrohinhenvl Dicamuhor- 
sulohonate
The corresponding dibromide (4.37 g., 1 mol.) and 
silver-( + )“Camphorsulphonate (2,^ 95 g. , 2 mois.) were 
dissolved separately in aqueous alcohol, warmed, and 
filtered into the same beaker with stirring. The mixture 
was then boiled gently for half an hour, cooled, and the 
silver bromide precipitate filtered off. The filtrate was 
evaporated to dryness on a water-bath. Crude yield 5.75 g.
It was crystallised from a mixture of 100 c.c. acetone 
and 120 c.c. ether. Each crop was then dried in a vacuum 
desiccator. First crop 3.88 g., m.p. 172°, [ ]g|g^+21°(e,1.O)
Second crop 0.35 g., m.p., 168°, + 81° (a, l.O),
both in 95% ethanol.
The first crop was recrystallised from a mixture of 
65 c.c. acetone and 90 c.c. ether, giving 2.46 g. of 
solid m.p. 170-172°. [Found: C, 67.8; H, 6.2; P, 4.8;
S, 5.1; CygHy^NO^gPgSg, 2H^0 requires C, 67.3; H, 6.1;
P, 5.0; S, 5.1 ?6] [o(]gg^+ 21° (c, l.O), [o(]gg^+ 21° in
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95% ethanol; [^^5451 + 21 (c, l.O) in dimethyl-formaraide. 
2 G-. of this solid was recrystallised from 5 c.c. of
acetone and the solid obtained (1.686 g.) had a rotation: 
20.5°, + 80.5° (C, 1.0), which were
unchanged after 40 hours.
2.2 * -3is( t r i uhenvl oho suhoni ome t hvl ) - 6 - ni t r ob iuhenvl Di-iodide
The corresponding dicamphorsulphonate was dissolved 
in aqueous alcohol and a saturated solution of potassium 
iodide was added. After a while yellow precipitate came 
down. When precipitation was complete the solid was 
filtered off and dried in a vacuum desiccator. It was 
then crystallised from alcohol and had m.p. 280-282°.
[Found: C, 58.3; H, 4.25; L, 25.6; P, 6.0, OgQH^^IgNOgPg^^.HgO 
requires G, 58.8; H, 4.2; I, 24.8; P, 6.1
2.2'-3is(triphen.Yl'Pho3Phoniometlr/l)-6-nitro'biuhen.vl Piuicrate.
The corresponding dibromide was dissolved in alcohol, 
and an aqueous solution of sodium picrate v/as added, and 
stirred. After a few seconds, dark red gum resulted. The 
supernatant liquid was decanted and the gum was dissolved 
in alcohol. After some time it would not crystallise, so 
it was evaporated slowly to dryness. Intense yellow needles, 
m.p. 140° (:decomp. ) remained. These were crystallised from 
alcohol, giving the dipicrate m.p. 135-136° (decomp). [Found: 
C, 61.7; H, 4.2; N, 8.2; P, 4.8. CggH^glî^^O^gPgrequires 
C, 61.7; H, 3.8; N, 8.1; P, 5.1%]
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Silver- ( + )-o(-bromocani~ohor- IT -suliPhonate
( + )-Ammonium-(X-bromocamphor-IT -sulphonate (22 g. ,
1 mol.) was dissolved in warm water (60-70°) which was 
added gradually, with stirring, to obtain a saturated 
solution (about 90 c.c. used). A warm concentrated solution 
of silver nitrate (11.5 g., 1 mol., dissolved in 5 c.c. 
water) was then added with stirring.. The suspension was 
cooled in ice, filtered in the dark room and dried over 
calcium chloride in a desiccator, also in a dark room.
It Y/as then crystallised from hot v/ater. Yield 7 g. , 
m.p.. 269-868°.
2.8' -31 s( tri'ohenvlphosphonlomethvl l-S—nitrobi'ohenyl DiPromo- 
c amuho r sul uhonat e
The corresponding iodide (1.79 g., 1 mol.), previously 
obtained from the camphorsulphonate, was dissolved in warm 
ethanol, and silver-( + )-o(-bromocamphor- T - sulphonate (1.55 g. ,
2 mois) was dissolved in warm v/ater, and the two solutions, 
were mixed, with stirring, and then boiled gently for 1 
hour. The silver iodide was filtered off, and the filtrate 
was evaporated to dryness on a water-bath. Crude yield 
2.532 g. The gum was then crystallised from a minimum 
amount of ethyl acetate. First crop 1.526 g., m.p. 168° 
(decomp.) after drying in a vacuum desiccator overnight. 
[Found: C, 58.6; H, 5.4; Br, 11.3; P, 4.55; S, 4.55.
So^69®^8^^°10^8% requires C, 59.0; H, 5.3; Br,11.2;
P, 4.35; 3,4.6 %]
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Preparation of carbomethoxvmethvlenetriphenvluhosphorane 
and its subsequent reactions with acetone. benzaldehvde. 
acctouhenone. 2.2*-diacetvlbinhenvl and biuheny1-8,2*- 
dialdehyde
Carbomethoxvmethvltriuhenvlnhosuhonium bromide
[isler, Ûrutmann, Montavon, Rdegg, Ryser, and Zeller, Helv.
Chim. Acta , 1957, 1242]
Triphenylphosphine (39.3 g., 1 mol.) was dissolved
in benzene (200 c.c.) and methyl bromoacetate (23 g., 1
mol.) was added, with stirring, during 5 minutes. The
phosphonium bromide began to crystallise out during the
addition. The reaction mixture was stirred mechanically
for 2 hour a, the solid was filtered off, washed well with
■ obenzene and light petroleum (b.p. 40-60 ) and dried.
Yield 40.5 g., m.p. 164-164.5°. The filtrate was put 
back in the reaction flask and stirred for 2 hours, 
another 9 g. of the solid m.p. 163-164° were obtained.
The filtrate was found to give more white solid on 
stirring for another hour (12 g., m.p. 163-164°). Total 
yield 60 g. (96%).
The experiment was repeated with 6 hours stirring 
and the same yield of the phosphonium bromide was obtained, 
[isler et al. gave m.p. 163°]
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G arb ome t ho xyme t hvl ene t r ipheri-vlplio s oho r ane
[Isler, Gutmann, Montavon, Rüegg, Ryser, and Zeller, Helv. 
Chim. Acta, 1957, 40, 1242]
The corresponding phosphonium bromide (41.5 g., 1 mol) 
was dissolved in cold water (l litre) and sodium hydroxide 
solution (10%) was added dropwise, with stirring, until 
the solution was alkaline to phenolphthalein (about 50 c.c. 
of the alkali required). vVhite precipitate came down 
during the addition. It was filtered off, washed with 
water, and dried. Yield 30 g. (90>o), m.p. 163°. It was 
crystallised from hot ethyl acetate by addition of light 
petroleum (b.p. 40-60°) and then had m.p. 170-172°.
[isler e_t gave m.p. 162-163°]. Altogether 60 g. of the 
phosphor ane were prepared by this method.
Attempt react ion be tween the nhoauhorane and acetone
Carbomethoxymethylenetriphenylphosphorane (3.5 g.,
1 mol.) in alcohol (50 c.c.) and acetone (2 c.c., in excess 
of 1 mol.) were heated under reflux for 10 hours. Alcohol 
was removed until white solid started to appear. This 
solid was filtered off. Yield 1.4 g., m.p. 155°. The 
remaining alcohol was distilled off from the filtrate and 
left a residue of a white solid, m.p. 136-157°. Both were 
identified as triphenylphosphine oxide by its infrared 
spectrum (P = 0 band, 1189 cm )^. Ho volatile product 
was isolated.
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Reaction between the phosphor ane and .'benzaldetede
The phosphorane (4 g., 1 mol) in alcohol (50 c.c.)
and freshly distilled benzaldehyde (1.27 g., 1 mol.) were
heated under reflux for 6 hours. Alcohol was then removed
and the residue was digested with light petroleum (b. p.
40-60°). 1/i/hite solid was obtained, yield 3.12 g. ,
m.p. 155-156° corresponding to that of triphenylphosphine
oxide (94% yield) as confirmed by mixed m.p. and infrared
absorption spectrum. After removal of the solvent, the
filtrate was distilled and a colourless liquid was
collected between 124°/ 2 mm. and 130°/ 9 m.m. Yield
1.33 g. (69%). After standing overnight part of the
liquid solidified. The solid v/as filtered off, m.p.
32-35° corresponding to that of methyl trans-cinnamate;
this was also confirmed by the infrared absorption
spectrum (CH = GH band, 1312 c.m”  ^and 979.5 cm“  ^with
—  1absence of 694.4 cm band). The liquid separated was 
found, by the infrared absorption spectrum, to be the cis 
ester (GH = GH cis band, 694.4 cm” ;^ see Bellamy, Infrared 
spectra of complex molecules, Methuen, London, 1958). Both 
cis- and trans- esters, on hydrolysis with alcoholic potash, 
gave acid, m.p. 132° alone or when mixed with cinnamic 
acid, their infrared absorption spectra were identical.
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Attempted reaction between the uhos'oliorane and aceto~ohenone
a. In benzene
Garbomethoxymethylenetriphenylphosphorane (lO g.,
1 mol.) in sodium-dried benzene (150 c.c.) and acetophenone 
(3.6 g., 1 mol.) were heated under reflux for 4 hours under 
an atmosphere of nitrogen. Vv'hen the solution was cooled, 
unchanged phosphorane, m.p. 169-170°, separated. It was 
then dissolved in 100 c.c. sodium-dried benzene and heated 
under reflux with the same quantity of acetophenone for 
9 hours. After cooling, the phosphorane was again obtained.
b. In alcohol
The phosphorane (4 g., 1 mol.) in alcohol (50 c.c.) 
and acetophenone (1.4 g., 1 mol.) were heated under reflux 
for 50 hours. Alcohol was removed and light petroleum 
(b.p. 40-60°) was added to the residue. Triphenylphosphine^oxide, 
m.p., 153-155° (2.5 g. ) ,was obtained. The filtrate was dried 
and distilled; after removal of the solvent, acetophenone 
was collected at 70°/ 6 m.m. (Confirmed by its infrared 
spectrum). The solid remaining in the flask was shown to 
be triphenylphosphine oxide by m.p. and infrared spectrum.
No other product would be isolated.
c. In alcohol with the phosphorane generated in solution.
0.3 G-. sodium was dissolved in 50 c.c. alcohol. A
solution of 5.2 g. of the corresponding phosphonium
bromide in 40 c.c. alcohol was added. Slowly the yellow
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colour of the latter faded and white precipitate of sodium 
bromide appeared. l.?G. of acetophenone in 5 c.c. alcohol 
were added meanwhile. The mixture was left to stand for 
2 days by which time it appeared orange with some white 
solid at the bottom. Removal of the alcohol left a 
residue (including the sodium bromide) which could not be 
distilled.
Preparation of biphenyl-2.2^-dialdehyde
I . From o-Iodobenzaldehyde
a. o-Iodobenzaldehyde from o-iodoaniline.
/Adapted from method by Beech, J., 195^j / 1297, for
preparation of o-nitrobenzaldehyde from jo-nitroaniline/.
A 10% solution of formaldoxime for use in conjunction 
with 0.25 mole of £-iodobenzenediazonium chloride was 
prepared by heating paraformaldehyde (11.5 g*) with 
hydroxylamine hydrochloride (26.3 g.) in water (170 c.c.) 
until a clear solution was obtained. Hydrated sodium 
acetate (51 g«) was then added and the mixture boiled 
gently under reflux for 15 minutes. It was cooled (10-15°), 
and copper sulphate (12.5 g.), anydrous sodium sulphite
/K
(2 g.), and sodium acetate (l65 g.) in water (l80 c.c.) 
were added. The solution was now ready for the diazonium 
salt.
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A solution of o-iod-obenzenediazonium chloride was 
prepared from o-iodoaniline (54.75 g.), concentrated 
hydrochloric acid (23 g. in 70 c.c. of water) and sodium 
nitrite (17.5 g. in 25 c.c. of water) at 0-2°. It was 
made neutral towards Congo red paper by addition of 
hydrated sodium acetate, and was then introduced below the 
surface of the formaldoxime solution, with stirring. The 
mixture was stirred for another hour. Dilute hydrochloric 
acid v/as added until the mixture was acid towards Congo 
red. It was then left to stand, overnight. The clear 
liquid was decanted off and the tarry oxime that remained 
was boiled gently under reflux together with an aqueous 
solution of iron alum (250 g.) for 1 hour. The mixture 
was steam-distilled and the distillate extracted with 
ether. After ether had been removed the residue was shaken 
with a saturated solution of sodium metabisulphite, and 
water at 50° was added. The cooled solution was extracted 
with ether for non-aldehydic product. The aqueous 
bisulphite solution v/as made alkaline towards Titan 
yellow by addition of 10% sodium hydroxide solution. The 
aldehyde which separated as an oil was taken up in ether; 
the ethereal solution was washed and dried, and the ether 
was removed. Yield 9 g. (15%).
A similar preparation gave a yield of 8.6 g. Both 
were distilled together under reduced pressure, b.p.
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110°/7 m.m. - 120°/ 6 m.m. o-Iddobenzaldehyde solidified 
on cooling, m.p. 57-59°. Yield 15 g.
h.- p-1odohenzaldehyde from p-Iodohenzoic acid 
[Rapson and Shuttleworth, J. , 1941, 487]
p-Iodobenzoic acid (62 g. , 1 mol.^ ) and thionyl 
chloride (31 c.c., 1.7 mois.) were heated together under 
reflux for 8 hours. The excess of thionyl chloride was 
distilled off under reduced pressure, and the residue 
solidified on cooling, giving p-iodobenz.oyl chloride, 
yield 65. 5 g. This was dissolved in dry benzene (50 c.c. 
dried over calcium chloride) and cooled in ice. A solution 
of aniline (58 g., 2.5 mois.) in dry benzene (25 c.c.) was 
added gradually with shaking. A yellow precipitate 
appeared immediately. The solid was filtered off, washed 
with benzene until the washings were colourless, and 
finally with light petroleum (b.p. 40-60°), giving a white 
precipitate of p-iodobenzanilide. Crude yield 88 g. It 
was crystallised from aqueous alcohol. Yield 60 g. (75%), 
m.p. 140-142°. Some aniline hydrochloride was obtained 
in the mother liquor.
The anilide was suspended in dry toluene (60 c.c.) 
and heated under reflux with phosphorus pentachloride 
(37.5 g.) on a water-bath until no more hydrogen chloride 
was evolved (about 3 hours). Toluene and phosphorus; 
oxychloride v/ere removed by distillation under reduced
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pressure. À solution of anhydrous stannous: chloride 
(50 g., prepared by stirring freshly distilled acetic 
anhydride with half its weight of hydrated stannous 
chloride) in ether (100 c.c.), saturated with dry hydrogen 
chloride, was poured onto the residue to which a small 
amount of dry ether had already been added. Yellow solid 
was produced in clear ethereal solution and heat evolved 
kept the reaction going for a while. It was: heated under 
reflux on a water-bath for 2 hours, using an efficient 
condenser; orange-red solid resulted. After standing 
overnight, ether was decanted off, the solid was poured 
into water and the mixture was steam-distilled. Pale 
yellow oily drops in the distillate solidified on cooling, 
giving 11.2 g. (19%) of p-iodobenzaldehyde, m.p. 57-59°. 
Altogether 44 g. of the aldehyde were prepared by this 
method.
c. Biphenyl-2,2 * -di aldehyde 
[Rapson and Shuttleworth, J. , 1941, 487]
p-Iodobenzaldehyde (32 g.) was placed in a large 
boiling tube provided with a cork carrying a nitrogen 
inlet, a stirring thermometer and an outlet ; the tube had 
been previously flushed out with nitrogen. A small amount 
of copper bronze was added and the tube was placed in a 
metal-bath at 145°. The reaction mixture was continually 
stirred under the atmosphere of nitrogen while the
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temperatures inside and outside the tube went up gradually. 
After about 20 minutes, when the temperature of the metal- 
bath was 190°, the temperature inside the tube was observed 
to go up suddenly to 210°, and remained there for 3 - 4  
minutes. More copper bronze was added when the temperature 
of the mixture started to come down. The reaction 
finished when addition of copper bronze did not increase 
the temperature; 12 g. of copper were used and total time 
taken was 50 minutes.
The reaction mixture was then extracted with boiling 
toluene and filtered through a preheated Buchner funnel.
Care was taken so as not to let much air come into contact 
with the product. Toluene was distilled off from the 
filtrate under reduced pressure, a little p-iodooenzaldehyde 
followed, and then the product was obtained in the form 
of yellow liquid, yield 9.4 g. (69%), b.p. 161-168°/ 3 m.m. 
It was then left to stand in a partly evacuated desiccator 
for 3 days and solid was obtained, m.p. 56-59°.
It was dissolved in a minimum amount of dry ether 
(50 C.C.), and light petroleum (b.p. 40-60°, 150 c.c.) 
was gradually added with stirring and scratching; pale 
yellow crystals started to appear. The flask was cooled 
in ice-water and yellow crystals were obtained. These 
were collected on a sintered glass funnel and dried. Yield
6.65 g. (49%), m.p. 61-62°. The filtrate was coolèd in
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ice, and a second crop (0.2 g. , m.p. 58-60°^ was obtained.
The first crop was recrystallised from aqueous 
ethanol (20 c.c. warm absolute alcohol, 10 c.c.warm water). 
The colour did not change. Yield 5.8 g., m.p. 61-62°
(45%) [Rapson and Shuttleworth gave m.p. 63°].
II. From o-bromobenzaldehyde
a. In dimethylformamide 
[Kornblum and Kendall, J. Amer. Ghem. Soc., 1952, 74, 5782].
p-3romobenzaldehyde (20 g.) and dimethylformamide 
(100 c.c.) were heated, under an atmosphere of nitrogen, 
in a metal-bath at 160°. Half of the copper bronze (10 g.) 
was added; the mixture was stirred mechanically (lierschberg- 
type stirrer) and the temperature was maintained at 165° 
such that the solvent boiled gently under reflux. After 
4 hours, the other half of the copper bronze was added.
At the end of the 8-hour period the bath was removed and 
the reaction mixture was cooled to room temperature over­
night, still under nitrogen. The next day it was poured 
into 1-^ 1. of v/ater ; a milky solution was obtained and 
most of the copper sank to the bottom. The solid was 
filtered quickly and dried in a desiccator. Both solid 
and filtrate were extracted with benzene and the extracts 
were combined, dried and distilled. The fractions 
collected were benzene, bromobenzaldehyde at 80-100°/4 m.m. 
(8.68 g.) and the dialdehyde at 180°/ 4 m.m. (0.4 g.).
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As only half of the hromohenzaldehyde had reacted the
experiment was re-peated with 30 hours heating and with
only 50 c.c. of dimethylformamide. Similar procedure was
followed in the working up. Only a little of the hromo-
henzaldehyde was obtained in the distillate. The next
fraction (7.45 g.) had b.p. 160°/ 3 m.m. to 180°/ 3 m.m.
It was redistilled and collected between 160°/ 3 m.m*, and
170°/3 m.m. The solid obtained (6.33 g.) was crystallised
from a mixture of dry ether and light petroleum (b.p.
40-60°). First crop (0.45 g.), m.p. 129-130.5°, later
confirmed to be the 6-lactone of the corresponding
hydroxy acid [2-Hydroxymethyl-2*-carboxybiphenyl, see
Kenner and Turner, J., 1911, 2101; m.p. of lactone given
the^e was 132°; the infrared absorption spectrum of this
—  1compound showed 0 = 0 band at 1724 c.m. , = C-O-band at
—  1 —  11274 c.m. , and -C-O-band at 1110 c.m.~ ]. Second crop
(0.5 g.), m.p. 54-55°, was the dialdehyde, together with 
an unidentified intense yellow oil,
b. Vi/ithout solvent
^-Bromobenzaldéhyde (20 g.) was placed in a large 
test-tube previously filled with nitrogen. A lit ole copper 
bronze (out of total 20 g.) was added and the tube was 
placed in the metal-bath at 140°. The reaction mixture 
was stirred continuously under nitrogen and the reaction 
started when the temperature in the bath was 200°, while
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that inside the tube went up to 212°. After about 6
minutes, more copper was added and the temperature inside 
the tube went up to 225° while that outside was 216°. This 
time the higher temperature remained for 10 minutes.
After that addition of copper did not elevate the temperature 
inside. Heating and stirring was continued at this 
temperature for hour. The reaction mixture was then 
cooled to 120°, extracted with boiling toluene, and 
filtered. Toluene was removed from the filtrate, and the 
remainder was distilled under reduced pressure. Some 
bromobenzaldehyde was recovered (0.5 g.) and the dialdehy&e 
was collected between 160°/ 3 m.m. and 170° / 2 m.m. The 
residue was again intense yellow oil which was not distilled. 
The crude dialdehyde was crystallised from a mixture of dry 
ether and light petroleum (b.p. 40-60°), yield 1.97 g.
(17%), m.p. 53-55°.
III. From phenanthraquinone
a. trans-9,10-Dihydroxy-9,10-dihydrophenanthrene.
(i) In tetrahydrofuran 
Tetrahydrofuran was purified by allowing it to stand 
over potassium hydroxide (pellets) overnight, then distilling 
it from lithium aluminium hydride and keeping it in a 
dark container.
Phenanthraquinone was first dried over phosphorus 
pentoxide. It was then dissolved in tetrahydrofuran ( 4 g.,
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1 mol., in 200 c.c.) and added to the lithium aluminium 
hydride in tetrahydrofuran (1 g., 3 mois., in 100 c.c.) 
in a 3-necked round-bottomed flask. The mixture became 
warm but the reaction was not vigorous. V/here the two 
solutions were in contact a green substance was formed 
which then decomposed to give a darker yellow substance 
than the quinone itself. The mixture appeared green. The 
addition took half an hour. The mixture was then heated 
under reflux for 3 hours, cooled, and water was; added.
Part of the mixture became dark red and this layer stayed 
on top. When dilute sulphuric acid (2 N) was added this 
layer disappeared, and a clear, orange-red solution was 
obtained. Excess of water was now added in an attempt to 
precipitate the product and any unreacted quinone. The 
total volume was 2 | 1. After standing overnight, 
crystalline solid was filtered off. Yield 2.54 g. This 
was recrystallised from benzene; 1st crop 0.56 g., m.p. 
187-188°; 2nd crop gave yellow crystals. These together 
with more yellow solids collected from the filtrate was 
made into a bisulphite compound of the quinone, and the 
quinone recovered was 0.84 g. The ethereal extract from 
the bisulphite solution gave 0.72 g. more of the required 
product. The total yield was 15%. More yellow solid 
collected from the original filtrate had m.p. 206° and was 
the unreacted quinone.
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Vûien the experiment was repeated with less solvent 
(half as much) and much more lithium aluminium hydride 
(? mois., 2.5 g.), the reaction did not improve and 
phenanthraquinone v/as recovered almost quantitatively.
(ii) In ether 
[Booth, Boyland, and Turner, J., 1950, 1188]
The experiment was first performed using a Soxhlet 
apparatus. The lithium aluminium hydride (1 g., 5 mois.) 
was placed in sodium-dried ether and the quinone (4 g.,
1 mol.) was extracted for 5 hours. Yfater (45 c.c.) and 
dilute sulphuric acid (150 c.c.) were added, the aqueous 
layer was extracted with ether, and the combined ethereal 
layer and extracts was washed with brine and three times 
with 2N-sodium hydroxide solution, and then dried (sodium 
hydroxide pellets). Green substance collected at the bottom 
of the flask. When it was filtered and ether v/as removed 
from the filtrate 0.8 g. of solid, m.p. 169-170°, was 
obtained. First crystallisation from benzene gave 0.25 g., 
m.p. 175°. Second crystallisation from toluene gave 0.19 g., 
m.p. 189° (5%). 3.1 G. of the quinone were left in the
Soxhlet thimble.
The experiment was then repeated without the Soxhlet.
The lithium aluminium hydride in sodium-dried ether was 
stirred mechanically while the quinone was added in solid 
form, occasionally being washed down with ether. After the
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addition the mixture was heated under reflux for 4^ hours, 
with stirring, and cooled. Water (50 c.c.) and dilute 
sulphuric acid (50 c.c.) were added. YYhen all the 
excess of lithium aluminium hydride had been decomposed 
the aqueous layer was grey and the ethereal layer yellow. 
But when more ether was added, with shaking, green solid 
was formed, and more so when the mixture was: transferred 
to a bigger container. This green solid was decomposed by 
the acid and more ether was added to dissolve the yellow 
substance formed. When the ethereal layer was clear it 
was separated, the aqueous layer was extracted with ether, 
and the combined ethereal layer and extract was dried over 
sodium hydroxide. Green substance was seen to collect 
at the bottom of the flask again. When ether was removed, 
3.58 g. of solid was obtained. Crystallisation from 
benzene gave 1.97 g., m.p. 193°; 2nd crop 0.42 g., m.p.
189°. Total yield 2.39 g. (59%). It was found that the 
best yield was obtained when the volumes of the aqueous 
layer and ethereal layer were about the same. Altogether 
80 g. of the diol were prepared by this method, some on 
a larger scale.
b. Biphenyl-2,2 *-dialdehyde 
[Criegeè, Marchand, and Wannowius, Annalen, 1942, 550. 99] 
jbrans-9,lO-Dihydroxy-9,10-dihydrophenanthrene (2.12 g., 
1 mol.) was suspended in 50 c.c. dry benzene and stirred
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mechanically in a 250 c.c., 3-necked flask. Lead tetra­
acetate (4.43 g., 1 mol.) was then added in the solid form, 
and the mixture stirred for 2 hours. VYhen the reaction 
had finished, white solid of lead diacetate collected at 
the bottom of clear yellow solution. This was filtered 
off and the filtrate was distilled under reduced pressure.
The dialdehyde was collected at 164-174°/ 3.m.m. as a 
yellow oil which solidified on cooling, giving 1 g. of 
solid m.p. 58° (50%). Altogether 37 g. of the dialdehyde 
were prepared by this method, some on a larger scale.
Reaction between the uhosuhorane and biuhenvl-2,2*-dialdehvdë
Garbomethoxymethylenetriphenylphosphorane (15.9 g.,
2 mois.) and biphenyl-2,2*-dialdehyde (5 g., 1 mol.) were 
heated under reflux in dry toluene (CaCl^) for 16 hours. 
Toluene was removed and the residue then quickly -solidified.
To separate the mixture it was dissolved in toluene and 
put through a column of silica-gel, and el U'ted with 50% 
solution of methanol in toluene, and then with 100% 
methanol.
1. From the methanol/toluene eluate, 15.64 g. of solid 
m.p. 140-145° were obtained. The solid was dissolved in 
benzene and put through a column of silica-gel; but this 
did not effect the separation, so it was put through a 
column of alumina and two fractions were collected:
Fraction 1: 9.05 g. of solid, m.p. 108-128°, were
175
obtained. It was crystallised from light petroleum (b.p. 
80-100°): 1st crop, needles, m.p., 148-149°, 6.93 g. ; 2nd 
crop, prisms, m.p. 118-119°, 1.84 g.; 3rd crop, prisms, 
m.p. 106°, 0.72 g.
Fraction 2: 3.68 g. of solid m.p. 145-148° were 
obtained. It v/as crystallised from light petroleum (b.p. 
80-100°): 1 st crop, needles., m.p. 148-149°, 2.9 g. ;
2nd crop, prisms, m.p. 106-107°, 0.38 g.
2. From the methanol eluate, 6.29 g. of solid, m.p. 
80-90°, were obtained. It was crystallised from light 
petroleum (b.p. 80-100°): 1st crop, needles-, 0.8 g. , 
m.p. 152-153°; 2nd crop, prisms, 2.2 g., m.p. 106-107°.
The solid m.p. 148-149° or 152-153° was found to be 
triphenylphosphine oxide by mixed m.p. and infrared 
absorption spectra. The solid m.p. 106-107° [Found:
0, 75.0; H, 5.6; ^go^l8^4 requires: G, 74.5; H, 5.6 %]
was shown by its infrared absorption spectrum to be the
cis-form of 2,2*-di(carbomethoxyvinylene)biphenyl with 
unsaturation peaks at 1314, 973, and 693 c.m."^ The solid 
m.p. 118-119° [Pound: G, 74.0; H, 5.7. requires-
G, 74.5: H, 5.6 %] was shown by its infrared absorption 
spectrum to be the trans-form of 2,2*-di(/curbomethoxyvinylene) 
biphenyl with unsaturation peaks at 1316 and 974 c.m.“^
Total yield of cis-ester 3.3 g. (43%)
Total yield of trans-ester 1.84 g. (24%)
Total yield of 2,2^-di(^arbomethoxyvinylene)-biphenyl
5.14 g. (67/.)
Total yield of triphenylpho sphine oxide 8.63 g* (65%) 
Hydrolysis of 2, 2 '-di (jS-carhomethoxyvinylene)hiphenyl 
cis-Series
The ester, m.p. 106-107°? was hydrolysed with 
alcoholic potash in the usual manner. The acid obtained 
had m.p. 291-293° [Pound: 0, 73.6; H, 5.1. Calculated 
for C^8l_4®4' 4.8/]. Its infrared absorption
spectrum shov/ed that it was a trans-acid with unsaturation 
peaks at 1318, and 977 c.m.~^ 
trans-Series
The ester, m.p. 118-119°, was similarly hydrolysed.
The acid obtained had m.p. 289-290°, and when crystallised 
from glacial acetic acid it had m.p. 296° [hayer, Her.,
1911? 44? 2298 gave m.p. as 286°] [Pound: C, 72.8; H, 5.0. 
Calculated for 0, 73.5; H, 4.8 %]. Mixed m.p.
with above acid was also 289-290°. Its infrared absorption 
spectrun again showed that it was a trans-f0nn with 
unsaturation peaks at 1323? and 979 c.m.~^. This 
spectrum was identical with the one obtained from hydrolysis, 
product of cis-ester.
Estérification of the acids in cold methanol and HCl. 
cis-Series
The acid from cis-ester was suspended in cold methanol 
and dry hydrogen chloride was passed through until all the 
solid went into solution. The methanol was removed and
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wftite solid obtained had mtp. 115-116°. IVhen crystallised 
from light petroleum (b.p. 80-100°) it had m.p. 117-118°, 
corresponding to that of trans-ester. 
trans-Series
The acid from trans-ester was similarly treated with 
hydrogen chloride in cold methanol. The solid obtained 
had m.p. 119-120°. Vifhen crystallised from light petroleum 
(b.p. 80-100°) it had m.p. 119-120°. Mixed m.p. with the 
ester obtained in the cis-series; was. 117-118°. Mixed 
m.p. with the original trans-ester was 118-119°. The 
infrared spectra of this ester, of the ester obtained in 
the cis-series. and of the original trans-ester were all 
identical.
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Preparation of 2.2*-diacetylbiphenyl 
9,10-Dihydr0-9,10-dimethylphenanthrene
/Hall, Ladbury, Lesslie, and Turner, J., 1956, 3 ^ 7 ^
All the apparatus was dried and rinsed out with 
sodium-dried ether just before use. Magnesium turnings 
(20 g., 4- mois.) were covered with 300 c.c. of sodium- 
dried ether in a 1-litre three-necked flask provided with 
a dropping funnel and two condensers. A little of the 
magnesium was activated in a test-tube and then added to 
the main bulk. Methyl iodide (53 c.c., h mois.) was 
added gradually, with shaking. After the addition, heat 
was applied until all the magnesium had reacted. 
Phenanthraquinone (4-2 g., 1 mol.) was added in small 
quantities', vigorous reaction occured each time. The 
addition took three quarters of an hour with solid 
changing from yellow to green. 250 C.c. of benzene were 
added and the mixture was heated under reflux for 2 hours, 
ether being allowed to distil off slowly through the Dufton
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columns. The cooled mixture was added carefully to an 
ice and water mixture and was. kept well stirred; a dark 
green solution was obtained. Dilute sulphuric acid v/as 
added, with stirring, until no further colour change 
occurred (about 500 c.c. were used). The clear yellow 
aqueous layer was separated from the dark green benzene 
layer. Any solid between the two layers was dissolved 
in ether and the solution was combined with the benzene 
layer. The aqueous layer was extracted three times with 
ether. The extracts were washed twice with brine and 
several times with concentrated aqueous sodium hydrogen 
sulphite solution (50 g. in 300 c.c. of water) until the 
washings, gave no phenanthraquinone when treated with 
alkali. The benzene layer was also washed with concentrated 
sodium hydrogen sulphite solution. The benzene and 
ethereal layers were combined and washed with brine (5% 
solution) and then distilled without being dried until the 
volume was. about 300 c.c. On cooling, the diol separated 
and more was obtained from the mother liquor. It was 
crystallised from benzene. Yield 25 g.- (54%), m.p.
165-167°. The combined bisulphite washings were treated 
with alkali, giving 2 g. of phenhnthraquinone.
2.2*-Diacetvlbinhenvl
[Hall, Ladbury, Lesslie and Turner, J., 1956, 3475]
The above diol (19 g., 1 mol.) was dissolved in
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glacial acetic acid (190 c.c.) on a water-bath at 70°.
A solution of chromic anhydride (12.5 g. , l.,5 mois., in 
80 c.c. of water) was added during 5 minutes. After a 
further 10 minutes water was gradually added until the 
total volume was 1 litre. The diacetylbiphenyl which 
was precipitated was filtered off and washed with water. 
Yield 18 g., m.p. 80-82°. It was crystallised from 
alcohol; yield 12 g. (60%), m.p. 82-84°. Three successive 
crystallisations from cyclohexane finally gave 9 g. of 
the product, m.p. 93-94°.
Attempted reaction between the nhosnhorane and 2.2*- 
diacetvlbinhenvl
a. In absolute alcohol
Garbomethoxymethylenetriphenylphosphorane (3.34 g.,
1 mol.) and 2,2*-diacetylbiphenyl (1.19 g., 1 mol.) were 
heated under reflux in 50 c.c. absolute alcohol for 190 
hours. The mixture was then distilled. After alcohol 
had distilled, a liquid was collected, yield 0.96 g.,
b.p.- 218°/9 m.m. to 228°/ 7 m.rn. It would not solidify 
completely. A combination of cyclohexane and ether gave 
white solid which was filtered and crystallised from 
cyclohexane. But only gum could be obtained,
b. In toluene
The same quantities of the phosphorane and the 
diacetylbiphenyl were heated under reflux in toluene for
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21 hours. Toluene was distilled off and the residue was 
cooled. White needles (triphenylphosphine oxide by m.p.) 
was filtered off, and the filtrate was distilled. A 
liquid was collected at l80°/4- m.m. - 190^/4m.m., and it 
solidified on cooling, m.p. partly 75°, and partly 
125°. When it was crystallised from light petroleum 
(b.p. 80-100°) the solid obtained,had m.p. 154— 155°, 
indicating triphenylphosphine oxide. Its infrared spectrum 
was also identical with that of the oxide.
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Polyalkvlene dibromide series
EthyleneblaCtriplaenylpho sphoniim ) dibromlde
[““ittig, Eggers, and Miffner, Annal en, 1958, 619, 1.0 ]
Triphenylphosphine (60 g., 2 mois.) and ethylene dibromide
(I80g., 1 mol.) were boiled together for 45 min. (b.p. of the
dibromide 154°). The solution was cooled, the solid was
filtered off and washed with benzene and light petroleum (b.p.
40-60°). Li rude yield 75 g. , m.p. 309-312°. It was dissolved
in 11. chloroform and cyclohexane were added until the mixture
started to go cloudy (lOO c.c.). Crystals soon appeared in the
form of colourless plates. -^-’irst crop 41 g. , m.p. 318-321°;
second crop 33g., m.p. 315-518°. Total yield 91%.
Attempted reaction between the dibromide and biphenyl-2 .2 *- 
dialdehyde
n-Putyl-lithium was prepared in sodium-dried ether, from 
lithium (3g., 4 mois, and n-butyl chloride (9 c.c., 2 mols.j, 
under an atmosphere of oxygen-free nitrogen. Athylenebis- 
(triphenylphosphonium)dibromide (14.2g., 1 mol.) was added in 
small portions. T^ ie mixture turned reddish brown and became 
darker on heating. -iTfter -g hr. heating, the colour test 
(according to Gilman and Schulze, J.^^ ner.Chem.l>qc. , 1925, 2002)
v/as, negative indicating that there was no butyl-1 ithium left.
The mixture v/as cooled, biphenyl-2,2 * -dialdehyde (4 .2g. , 1 mol.) 
in ether was added. ^t the point of contact the mixture was 
green, and when stirred the whole mixture became ouff colour.
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-^‘his was heated and stirred for 10 hr s. and then cooled. The
solid was filtered off, ether was removed from the filtrate, and
the residue was distilled under reduced pressure. Pale yellow
solid obtained had a characteristic smell and was found to be
triphenylphosphine by m.p. and mixed m.p. 80°.
Trlmeth.vlene-1.3-bis( triphenvluhosnhonium) dibromide 
kittig, Eggers and iXiffner, Annal en, 1.958, 619, 10 ]
'Triphenylphosphine (65 g. , 2 mois.) and 1,5-dibromopropane 
(20g., 1 mol.) were warmed slowly to 200°, with stirring. First, 
the triphenylphosphine melted, then the reaction set in and the 
whole mixture turned solid. All this took 5/4 hrs. It was 
then left to cool for ^ hr. The solid mass was dissolved out 
of the flask with warm chloroform, boiled up with decolorising 
charcoal, the solution was filtered, and acetone was added to 
start crystallisation. After standing overnight, crystals were 
obtained and dried in vacuo at 120°. The dibromide (54 g.,
75%) had m.p. 544-545°.
Attempted reaction between the dibromide and binhenvl-2.2*- 
dialdehyde
n-butyl-1ithium was prepared on the same scale as descrioed 
previously. Trimethylene-1,3-bis(triphenylphosphonium; dibromide 
(14.52 g. , 1 mol.) was added gradually. -^ he mixtui’e turned very 
bright red. No heat of reaction was observed. it was stirred 
at room temperature for 2 hrs. Biphenyl-2,2*-dialdehyde 
(4.2g., 1 mol.) was then added. The ether did not seem to boil 
until a considerable amount of the dialdehyde had been added. it
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v/as then heated under reflux for 2 hr s. nfter being left to
stand overnight, still under a nitrogen atmosphere, the ethereal 
layer seemed to change from yellow to pale green.
The mixture was filtered. The filtrate went cloudy so it 
was washed with water and the washing was discarded. nther was 
removed and the viscous mixture remaining was shown by its 
infrared spectrum to contain mainly the unreacted dialdehyde and 
triphenylphosphine oxide. "hen it was digested with light 
petroleum (b.p. 40-60°), triphenylphosphine oxide (0.39 g., 4%, 
m.p. 147°) was. obtained. The residue was stirred on a water- 
bath to expel the dialdehyde. The remainder was dissolved in 
ether and chromatographed on an alumina column.
The first fraction was pale yellow gum which when digested 
with light petroleum (b.p. 40-60°) gave white solid m.p. 210-213°; 
when twice crystallised from light petroleum (b.p. 60-80°) it had 
m.p. 234—235°. The analysis was not satisfactory [B’ound:
0,91.9; 11, 6.7. requires 0, 93.5; H, 6.5%]. The
infrared spectrum showed that it was a biphenyl derivative with 
the absence of 0 = 0 and 0 - P peaks.
The second fraction of the chromatogram was a mixture of a 
o  * 'solid (m.p. 135-140 , infrared spectrum of which was similar to 
that of the original mixture, i.e. containing G = 0, P - Ph and 
phosphonium salt peaks) and a liquid which when digested with
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light petroleum (b.p. 40-60°) gave a solid m.p. 122°, the infrared 
spectrum of which showed a C = 0 peak, biphenyl peak and 
phosphonium salt peaks; the empirical formula was 6^ 51^30^4 *
This must therefore oe a polymer of some kind containing carbonyl 
groups.
The solid that was filtered off from the beginning, when 
decomposed with water, gave no triphenylphosphine oxide as 
expected. Instead, it gave some of the starting phosphonium 
dibromide (shown by infrared spectrum).
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Condensation between biphenyl-2,2*-dialdehyde and o-phenylene- 
diamine
1. At l60°, in ethylene glycol.
The dialdehyde (l.Ojg., 1 mol.) and the diamine (0.55g.,
1 mol.) were heated in ethylene glycol (25 c.c.) in a large 
test tube in a metal-bath kept at l60° for 5 hrs. The dark 
solution was cooled and poured into 125 c.c. of water and left 
overnight. The cloudy mixture could not be filtered satisfac­
torily. It was therefore extracted with ether and the extracts 
were washed with dilute hydrochloric acid, and water and dried. 
From the ethereal layer 0.26g. of solid (crude m.p. ^ 50°) was 
recovered.
The acid washing was made alkaline and the solid obtained 
(1.14-g., m.p. 125-130° decomp., soft 75°) was filtered off.
It was digested with water. The aqueous part gave 0.12g. of 
solid m.p. 227-230°. The water-insoluble residue (0.27g.) 
had m.p. 154-°, and when crystallised from aqueous alcohol it 
had m.p. 158-159° /Found: 0,85.0; H, 5.2; N, 10.0.
^ 2 0 % 4.^ 2 requires C, 85.1; H, 5.0; N, 919^7. This solid gave 
a picrate which when crystallised from benzene had m.p. 279-280° 
decomp.
2. At room temperature in methanol (under oparatore’s condition) 
The dialdehyde (1.05g., 1 mol.) and the diamine (0.55g.,
1 mol.) were dissolved separately in methanol at room temperature, 
and the two solutions were mixed. The mixture remained clear 
after 20 days. It was then poured into 80 c.c. of water and
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cooled in the refrigerator. After 4 days, the mixture was 
filtered and the solid obtained had m.p. 93-95° (soft 80°).
This was then dissolved in benzene and put through an alumina 
column.
The first batch of eluate gave a pale yellow solid, m.p. 
216-217°, and was later thought to be phenanthrene-9',10 * : 2,3- 
quinoxaline. The second batcl^ave solid m.p. 189-191°• 
Phenanthrene-9 *,10 * : 2,3-qninoxaline
o_-Phenyl en edi amine (1.08g., 1 mol.) was dissolved in 15 c.c. 
ethanol, and phenanthraquinone (2.08g., 1 mol.) was dissolved 
in 200 c.c. warm ethanol. The diamine was then added to the 
qûinone. The mixture first went dark red, and after a few more 
seconds solid started to come down. When cool pale yellow 
needles of the quinoxaline were filtered and had m.p. 222-223° 
(lit. m.p. 217°). Yield 2.58g. (92/). 
p-Acetamidobenzoic acid
[Pitstert and Epstein, Chem.2entr., 1904? 1, 1587. K1.12q. 151725] 
p-Aminobenzoic acid (lOOg., Imol.) was added in small 
quantities to the mixture of acetic acid (4000.c.) and acetic 
anhydride (400c.c.). The mixture was heated under reflux for 
6 hrs., cooled slightly and poured into 2 1. of water. The 
solution started to go cloudy and when cool the solid was filtered 
off. Yield 60g., m.p. 258°. The filtrate on standing gave 21g. 
more solid. When crystallised from alcohol it had m.p. 260-262° 
(lit. m.p. 250-251°). Total yield, 55/.
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m-Nitro-p-acetamidobenzoic acid 
/Kaiser, Ber., 1885, 18, 294-2/
Fuming nitric acid (d. 1.51, 90 c.c.) was cooled to 0° in
a freezing mixture. ^-Acetamidobenzoic acid (4-7g.) was added
gradually to the nitric acid, with stirring, at such a rate that
the temperature did not rise above 7°. After the addition of
the solid the solution was left in the freezing mixture for
another hour. It was then poured onto crushed ice and stirred.
When the precipitation was complete the pale yellow solid
(53g., m.p. 215°) was filtered off. When crystallised from
alcohol (^5g., 76/) it had m.p. 226-228° (lit. m.p. 220-221°)
/Pound: C, 4?.9; H, 3.7; N, 12.3. Calc, for C^HgN^O^: 0,48.2;
H, 3.6; N, 12.5/7.
Ethyl m-nitro-p-aminobenzoate
m-Nitro-£-acetamidobenzoic acid (25g.) was boiled under
reflux for 5 hrs. with concentrated hydrochloric acid (150 c.c.)
and ethanol (500 c.c.). It was poured into a beaker and water
was added slowly until the first sign of turbidity appeared
(500 c.c. were used). It was left to cool slowly to room
temperature. The solid filtered off (17 g.) had m.p. 130-295°*
When crystallised from ethanol, the first crop (14- g.) had m.p.
131-133° /Found: C, 51.6; H, 4.8; N, I3.5. Calc, for
^9Ao^2°4" 4.8; N, 13.3/7» Second crop (3 g.)
had m.p. 230-260° (soft 130°) and was thought to be the mixture 
of the ester and m-nitro-^-aminobenzoic acid (m.p. 284-^ , given by 
Ullmann and Mauthner, Ber., 1903, / 6 , 4-026).
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Ethyl 3.4— diaminobenzoate 
/Ritstert and Epstein, loc.cit./
The above nitro ester (12 g., 1 mol.) was dissolved in
10 c.c. of warm ethanol and the solution was added to a boiling
solution of stannous chloride (4-5 g., 3.3 mois.) in concentrated
hydrochloric acid (56 c.c., 9 mois). The yellow colour of the
nitro compound faded and the solution was pale green at the end
of the addition. Sodium hydroxide solution (30%) was added
until the mixture was alkaline. The white solid resulted
(4-o68 g., m.p. 110°) was filtered off, washed with water and
dried. Crystallised from water, it had m.p. 110-111° (3 g*,
30%).
Condensation between biphenyl-2,2*-dialdehyde and ethyl-3.4— 
diaminobenzoate
1. In alcohol at room temperature.
Biphenyl-2,2*-dialdehyde (2.12g., 1 mol.) and ethyl-3,4-- 
diaminobenzoate (1.78g., 1 mol.) were dissolved separately in a 
minimum amount of ethanol and mixed well ( ^  30 c.c. ethanol).
The solution was left to stand, and after 1 hour crystals started 
to form at the centre of the liquid surface and fell to the bottom, 
These were filtered off and crystallised from ethanol: first
crop 1.6 g., m.p. 224-225°; second crop 0.07g., m.p. 223°.
The first crop was recrystallised from ethanol, giving needles of 
the diazecine m.p. 226° /Found: C , 77.4-; H, 5*3; N, 8.2.
C22H18N2O2 requires C, 77.95; H, 5.1; N, 7.9^/.
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The mother liquor, after standing overnight, produced fine, 
pale yellow crystals (0.019g., m.p. 1?8°). It was crystallised 
from ethanol ( ^  20 c.c.) and had m.p. 214-215°. This was 
subsequently found to be the corresponding quinoxaline.
2. In ethylene glycol at 150°.
The dialdehyde (0.623 g.) and the diamino ester (0.522 g.) 
were ground together and placed in a large test tube and ethylene 
glycol (15 c.c.) was added. The mixture was shaken well and the 
tube was placed in a metal-bath maintained at 150° for 2 hrs.
It was then poured into water (25 c.c.) and left overnight. As 
no solid separated, the cloudy mixture was extracted with ether 
and the extract was washed with dilute hydrochloric acid.
Sodium hydroxide solution (10%) was then added to the acid 
washing, until alkaline, and the cloudy solution was extracted 
with ether. After removal of ether, the residue was crystallised 
from ethanol giving 0.4-1 g. of solid m.p. 222°. This had an 
infrared spectrum identical with that of the solid m.p. 226° 
from 1., i.e. it was the required diazecine. -^here was no other 
product.
Hydrolysis of the product m.p. 222° or 226°
The ester was heated under reflux with aqueous alcoholic 
potash for 1 hour. Alcohol was removed and the residue was 
dissolved in water, and acidified with dilute hydrochloric acid. 
The solid obtained was filtered off and dried, m.p. > 360°
Zfound: C, 77.0; H, 4.3; N, 8.7. requires
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C, 77.3; H, 4.3; N, 8.6|7.
3'*-Carbethoxy-phenanthrene-9* .10* ;2. Vauinoxaline
Ethyl 3,4-diaminobenzoate (0.22g., 1 mol.) was dissolved 
in 7 c.c. ethanol and phenanthraquinone (0.25 g., 1 mol.) was 
dissolved in 70 c.c. warm ethanol. The diamino-ester was 
then added to the quinone and the mixture was left to cool.
The quinoxaline, obtained as fine, pale lemon solid, was filtered, 
and had m.p. 214-215°. When crystallised from ethanol (it is 
not very soluble in ethanol), it had m.p. 216-217°. /Found:
C, 78.4-; H, 4-.6; N, 7#9; 0, 8.9o ^23^16^2 ^^H^Tres C, 78.4-;
H, 4-.6; N, 7.95; 0, 9.1^.
